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V isiting science museums, watching science on TV, and 
inspiring teachers were important to my becoming a scientist. 
But reading books about how to do experiments and then actually 
doing them was the biggest thrill. I still remember my excitement 
when I was 10 growing huge coloured crystals in the kitchen - 
without any help beyond a few instructions. A few years later, 
there was this extraordinary sense of triumph when I tuned into 
the BBC with a radio set I had made entirely on my own. The 
programme was boring and the signal very crackly with an 
annoying whistling sound. Indeed, much of the time I couldn't 
understand what was being said through my crude, uncomfortable 
headphones. But I knew what I wanted to do in future. I've never 
admitted this previously - but I feel embarrassed that, when asked 
by an ageing aunt at a party what I expected to be when I grew 
up, I replied “a famous scientist”. 


j 


/* Wh \ 


Science explains how the world works, and how life exists. 
Scientific discoveries have made our lives healthier and longer 
than ever before. Science give us understanding about where we 
come from, how we grow in our mother's womb, how our body 
functions, and how we can avoid illness. Scientific knowledge 
affects every aspect of our lives and our understanding of 
the plants and animals around us. And science starts with 
experiments. Doing experiments, seeing what happens as we 
explore the nature of things around us, is the object of this book. 

I hope you will enjoy these experiments. Many were those I 
did when I first got interested in science. Some of them were 
dramatic or exciting, others made me think. Occasionally they 
made a real mess - which didn't always please my mother. Some 
experiments didn't work at the first attempt and required practice 
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and patience. But the experiments here tell us about the nature 
of things around us - or how we have improved our lives by 
harnessing energy and by making radios, cameras, and machines. 

Most demonstrations in this book require simple, cheap materials. 
Occasionally you may need an ingredient from a chemist, or 
a hardware store. A very few items may need to be found by 
searching online using a computer. 


takes precautions not to damage their eyes, and when working 
with fluids it is sensible for you to wear eye protection such as 
goggles. And where there are instructions in this book about 
taking special care, remember not to neglect them. 

I am sure you will enjoy these scientific experiments. And who 
knows, they may intrigue you so much that, like me, you end up 
wanting to be a scientist. 


But remember: all scientific experiments occasionally have 
unexpected results or cause surprises. All good scientists take 
great care to avoid doing things that are unnecessarily dangerous 
or that might damage other people. So when enjoying these 
experiments, it is a good idea to use rubber washing-up gloves or 
other protection for your hands. Everybody working in laboratories 
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YOU WILL NEED 



CHANGED STA l E 

Most o. the matter 

is called distillation and can be used to purify wat 


Salt 

240 ml (8 fl oz) water 
Old saucepan with a lid from a 
bigger pan 
Dish 





15 mins 


The darter vapour 
cooCs as ft hrfs 'the. 


((CL a acl chaA^es 
'back. (Vrto a ((‘avCct- 


When there is no water left in the 
^ pan, turn off the heat. The water 
\w has turned into water vapour (a 
gas), but changes back into water when 
it hits the saucepan lid. It trickles down 
the lid into the dish. The salt - a solid - 
is left behind in the saucepan. 


I Mix four tablespoons of salt with 
the water. Stir until the salt has 
dissolved. The salt molecules 
are now evenly mixed with the 
water molecules. A mixture like 
this is called a solution. 


& 

WARNING! 

Use oiren gloves to handle hot 

•hmgs, such as the saucepan lid 

sTe2Tr l0Selyandmake 
ure the heat is turned off as 
soon as all the water has gone 

from the pan, 


SCIENCE AROUND US 


Plasma 

The fourth and final state of matter is plasma. 
Plasma is similar to gas, but unlike gas it is so 
hot that it is ionized - the heat tears electrons 
off its atoms. Aurorae, like the one below, are 
caused by a solar wind (a plasma) from the 
Sun reacting with Earth’s upper atmosphere. 
Beautiful colours flash in the sky, normally 
close to Earth’s poles. 


Pour the solution into a saucepan. Set 
^ the saucepan on the hob or a camp stove. 
mm Place a dish beside it and angle the pan lid 
so that it is sloped towards the dish. Ask an adult 
to turn the heat on and let the water simmer. 


The SaOt <’s (e^t (A 
'the pa a a^ter 'the 
carter evaporartes 


12 






ICE CLOUD 

Liquids and gases often get mixed up together. Cold water often has 
air dissolved in it. When the water is frozen, the air forms bubbles that 
make the ice cloudy. 




Id 

--jjl 





flj 


I Half-fill the first food 
container with cold tap 
water. Snap on the lid and 
give the container a good 
shake for 30 seconds to 
mix air into it. 


r 


Boil some water and leave it to 
cool. Pour it slowly down the 
side of the second container. 
Boiling the water first and then 
pouring it slowly like this reduces 
the amount of air it contains. 
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TOP TIP 


'the water ,n your area is hard 
contains lots of minerals) this 
e perimen, might not work well. 

^purities ,n the water might 
make both blocks of ice look 

cloudy. If you have a water filter 

try filtering the water first ’ 


A('r /^a/c.e.S 


Label the containers so 
that you know which is 
which. Put both containers 
of water in the freezer and leave 
them overnight. 


The i>o((ed carter 
(^(*th CeSS a.('r e'/\ <*t 
/calces dearer tie 


'the ('ce c(oi/c(l 



YOU WILL NEED: 

Two plastic food containers with lids 

Water 

Kettle 

Freezer 



1 day 


Odd water 

Usually, a liquid takes up less space 
as it cools down and even less 
space when it freezes, because its 
molecules move closer together. 

But when water is cooled it takes 
up less space only until it reaches a 
temperature of 4°C (39°F). If it gets 
colder than that it starts expanding 
again, making it less dense. This is 
why ice floats on water. 



■y *-*2 


When the water has frozen solid 
remove the containers from the 
freezer and take the ice out. 

The ice made from the shaken water 
contains lots of tiny bubbles, making 
it look cloudy in the middle. 


HOW DOES 
THIS WORK? 

The molecules of a solid are tightly packed together. 
When you heat a solid, its molecules vibrate more 
and more until they can move past each other and 
the solid becomes a liquid. If you keep heating the 
liquid, eventually it will reach its boiling point - its 
molecules fly apart and it becomes a gas. By cooling 
a substance, you can reverse the process and turn a 
gas back into a liquid and then a solid. 


Molecules are closely 

; packed and tightly 

: iinked in a solid 


Low temperature 


In a liquid the molecules 
are loosely linked and can 
slide past each other 


* Heating or cooling substances 
changes their state 


Gas molecules 
; are far apart and not 

I linked to each other 


High temperature 
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SCIENCE AROUND US 



ICE BUBBLES 




F T n t doesn’t makea wet puddleMt changes^ dSJ 
Put it to the test by making this bubbly brew. 
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Add a few drops of liquid soap 
or washing-up liquid to the glass. 
After a few seconds a tower of 
bubbles will grow upwards from the 
glass. It is safe to take a handful of 
the bubbles and play with them. 


I Use kitchen tongs to place 
a couple of lumps of dry ice 
in the bottom of a glass. 
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Use a jug to pour some 
cold tap water into the glass. 
The water melts the dry ice, 
causing carbon dioxide to fill the 
glass and spill out over the top. 


HOW DOES 
THIS WORK? 

A liquid has molecules that can slide past 
each other - neither as tightly bound together 
as a solid, nor as free to move apart as a gas. 

For a substance to exist as a liquid, it needs air 
pressure to hold it together. For some substances, 
the pressure on Earth is not enough to hold them 
together in the liquid state. When their molecules 
are heated up enough to turn to a liquid, they 
immediately fly off into a gas. This is known as 
sublimation. Carbon dioxide sublimes above 
temperatures of -78°C (-1 COT). It can exist as 
a liquid only in pressures more than four times 
greater than Earth’s air pressure. When you add 
water to dry ice it heats up and sublimes more 
quickly. Adding soap makes the carbon 
dioxide gas form bubbles. 



7>ru ice. 

/»eW 


YOU WILL NEED: 

Glass or mug 
Kitchen tongs 
Dry ice pellets 
Water 
Jug 

Liquid soap or washing-up liquid 
20 mins 



WARNING! 

^*soc*,h* #cand ^ 9e 
y urskm, so never pick it up with 

bare hands. When ;t changes to a 

9as it expands and could cause an 

explosion d stored in an airtight 

0 “,"“ ner ' Don ' tputi linthefridge 

W '^er- 1, widno.be kept 

enough and could blow 

the door off! 








YOU WILL NEED, 


MEGA BUBBLE 

Once you've made a lot of small bubbles, why not try making 
one enormous dry ice gas blister? You can make one with a 
bowl and some soapy water. 


Bowl 

Cloth bigger than the bowl 
Water 

Washing-up liquid 
Cup 

Dry ice pellets 
Kitchen tongs 






10 mins 


Chill in the air 

Sublimation can also occur when the change 
of states happens so quickly that there is not 
enough time for a liquid state to form. On a 
frosty morning, when water vapour in the air 
hits a cold surface it is cooled down so fast 
that it turns straight into solid ice crystals 
without becoming a liquid first. 


- V 


TOP TIP 

Dry ice can be purchased from 

online suppers. For the mega bubble 

erperiment, the washing M 


mixture needs to be strong or the 

bubble will pop before it has grown 

very big. For best results, try 

using the bubble mixture 

Irompage 18 . 


A soapy bubble forms and 
grows bigger and bigger. 
When the giant bubble 
finally bursts, the carbon dioxide 
gas spills out. 


. 




Half-fill the bowl with water 
and use kitchen tongs to 
drop a few lumps of dry ice 
into it. Let the bowl fill up with 
carbon dioxide gas. 


I Add lots of washing- 
up liquid to water in 
a cup and soak the 
cloth in it. 


Wind the cloth into a soapy rope, 
but don’t squeeze the water out. 
Lay the cloth along one edge of 
the bowl and then pull it across the bowl, 
from one side to the other, to form a 
soap film over the top of the bowl. 
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CRYSTAL 

CREATION 

is Stti!? S'". — 

3St,S5fSSSJ£.«w*-»-“ »'■ 



YOU WILL NEED: 

Clean jar 
Hot water 

Pack of powdered alum 
Two spoons 
Pipe cleaners 
Paper clip 
Pencil 

Paper towel 



1 day 


r rrucfi „ may g, so be cgljed 

Potassium a/um or a/um potash 

Do not taste the powder or ' 
the crystal, as they are 
both mildly toxic, 


I Pour hot water into the jar until it 
is three-quarters full. Drop in one 
tablespoon of powdered alum at 
a time, and stir with another spoon. 
Keep going until the solution is 
saturated and alum begins to 
collect on the bottom of the jar. 


Bend your pipe cleaner 
^ into whatever shape you 
■ H like and then twist the 
paper clip so that it forms an “S” 
shape. Hook one end of the paper 
clip around the pipe cleaner so 
that it is held firmly in place. 


Hook the other end of the paper clip 
^ around the pencil and lower the pipe 
\w cleaner into the solution so it is 
suspended in the middle of the jar. Rest the 
pencil across the jar’s neck. If the pipe cleaner 
touches the bottom or sides, your crystal will 
not grow properly. Leave it overnight. 


Ml 

7T 


Ml 

/A 



Natural crystals 

Many of the largest natural crystals ever discovered 
were found in 2000 in the Cave of the Crystals, Mexico 
(below). Scientists found massive gypsum crystals 
11 m (36 ft) tall and 4 m (1 3 ft) wide that had taken 
millions of years to form. The cave is deep underground, 
with a constant temperature of about 50°C (122°F). 

This provided the mineral-saturated water in the cave 
with the perfect conditions for crystals to grow. 



* % 
in 


in 


III 

r% 



Crystal pops 

Sugar is a crystal that can be used to make some tasty 
science! Simmer eight tablespoons of sugar, 120 ml (4 fl oz) 
of water, and a tablespoon of your favourite squash in a 
small saucepan until the sugar has dissolved. Boil the liquid 
for a minute before pouring it into small paper cups with a 
lollipop stick in each. Cover the cups loosely with clingfilm 
and let them cool for at least a day. When you return, most 
of the water will have evaporated, leaving you with perfect 
sugar-crystal lollipops that you can eat. 



24 / 09/2010 17:15 





TOP TIP 

Y bvZ n * 0l °, Ury0UrCryS,als 
by adding food colouring 
>o he solution from the start, 

Pu your crystal in a fresh jar 
0 a um solution and it will 
9 r °w even bigger! 


_ ljov ca /) i/se 'the. 
paper cC(pS 'to ha.A<^ 
a ^ec^> 'toother a. net 
a. cri^s^taC /^otx'Ce 



ACva* crcjS'taCs 'for/* 
oa 'the. fibres o<f 
'the pcpe deader. 


HOW DOES 
THIS WORK? 

If they have time and space to grow, most minerals dissolved 
in water will form crystals. The shape of the crystal is 
determined by the shape of the mineral’s molecule - the 
crystal grows by repeating that shape. More alum can be 
dissolved in hot water because the water molecules are 
moving fast, breaking the alum powder up quicker and 
creating more space for it to dissolve. As the solution cools 
overnight, it contracts a little, leaving less space for the alum 
in the water. It gradually turns into solid diamond-shaped 
crystals that are attracted to the pipe cleaner. 



01 6_01 7_1 79063_Crystals.indd 17 
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bigger 

BUBBLES 



five tablespoons of sugar. Cover 
the mixture with clingfilm and leave 
it to settle for a few days. 


the string through the metal washer. This 
weighs the string down and holds it 
open when making your bubbles. 


YOU WILL NEED: 

Bucket 

120 ml (4 fl oz) washing-up liquid 
1,2 litres (40 fl oz) water 
Glycerine and sugar 
Clingfilm 

Wooden rod or length of dowel 
2-m (7-ft) piece of string 
Metal washer 

(§)^ 

2-3 days 



Loosely tie the string to the stick 
^ about 20 cm (8 in) from the string’s 
\w end. Moving this knot to and fro 
along the stick will allow you to adjust 
the size of your bubbles. 



01/09/2010 12:06 





SCIENCE IN SECONDS 





IO 


Walking on water 

Surface tension makes molecules on 
the surface of water “stick” to one 
another. Some insects, such as 
pond-skaters, can walk on this fragile 
surface. They can do this because their 
long hairy legs spread their weight over 
a wide area. They press so gently on the 
surface that they do not break through it. 


HOW DOE 


r<; 


THIS WORK? 

Molecules inside a liquid attract, and are 
attracted by, all of the molecules around them. 
Those on the surface have no molecules above 
them, so they attract the other molecules on the 
surface more strongly. These stronger bonds 
produce a skin-like effect called surface tension. 


Surface bond , 


f Molecule at the surface 


In a bubble, surface tension pulls the liquid 
surface tight while the pressure of the air stops 
the bubble collapsing. The soap spreads the 
liquid layer evenly, so there are no weak areas. 
Glycerine and sugar make the bubble stronger 
by slowing down the evaporation of the water. 


Surface tension, 
pulls bubbles into 
a tight, round 
shape that holds 
the air in 


. Air pressure 
stops the bubble 
from collapsing 


Milky madness 

Drop some food colouring onto a bowl 
of milk. Dip one end of a cotton bud in 
liquid soap and then hold it in the centre 
of the milk, just touching the liquid’s 
surface. The food colouring races away 
from the bud and swirls around. The soap 
weakens the surface tension of the milk, 
but it does so more in some places than 
in others, causing the colours to zip 
around and make patterns. 


Tie the loose end to the 
first knot you made to 
complete the loop. 




!* you want huge bubbles ii 
important to leave the bubb 
mixture to brew at least 
overnight, This is because tfi 

9 lll r ' ne l is ^<> u s /thick) an 
takes a long time to spread 
properly through the mixture, 


r * To make giant 
% bubbles, soak the 
\w string of your bubble 
wand in the mixture. Pull it 
out slowly and swish it 
through the air. 
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LIQUID 

LAYERS 

dense than themselves. 


YOU WILL NEED: 

Tall glass 

Water 

Cooking oil 

Treacle 

Food colouring 

Selection of small objects 


I Pour some water into 
the glass and add a few 
drops of food colouring, 
then pour in equal 
amounts of treacle 
and cooking oil. 
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EUREKA MOMENTS 


HOW DliNSIE _ 

IS 1 1 ? 

To find out the density of an object, you need to know its volume - 
how much space it takes up. Finding the volume of oddly shaped 
objects was quite tricky, until Greek scientist Archimedes 
(287-212 bce) realized that there was a simple solution. 


YOU WILL NEED: 

Weighing scales 
Notepad and pencil 
Plastic bottle 
Scissors 
Drinking straw 
Modelling clay 
Measuring jug 

An object to be measured (must 
be waterproof!) 



I Weigh your object on the scales. Note 
down the reading - this tells you the 
object’s mass. (Mass is the amount of 
matter in something.) 



“I have found it!” 

The original eureka moment happened to 
Archimedes as he was grappling with the 
problem of how to measure the volume of 
oddly shaped objects. As he lowered 
himself into the bath, he noticed the water 
level rising. He realized he could find the 
volume of any object by measuring how 
much water it displaced. Excited by his 
discovery, he shouted “Eureka!” (meaning 
“I have found it!”) and was so happy that 
he ran through the streets without putting 
his clothes back on! 






2 Cut the top off the plastic bottle 
and recycle it. Take the bottom 
part and make a hole in it, just 
big enough to fit a straw through, 
near the top of one side. 



3 


Push the straw through the hole 
and angle it downwards, using 
the modelling clay to seal the 
gap around it. Position the jug beneath 
the straw and fill the bottle with water 
until some of it runs out through the 
straw. Throw this water away. 
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ANDISINKING 


YOU WILL NEED: 


FLOAT 

YOUR BO A i 

pebble sinks? It’s all to do with density. 


Marbles 
Glass of water 
Modelling clay 
Bowl of water 


5 mins 




I Drop a marble into 
a glass of water. It 
sinks. Next, drop a 
tightly rolled ball of 
modelling clay into the 
water. It will sink, too. 



i Take the ball of modelling 
' clay and press it out into a thin 
I sheet. Then mould it into the 
shape of a boat, making its sides 
as high as possible. 


/ % 
■ ■ i 


■ i ■ 

rr 


Elevating eggs 

A fresh egg sinks in water, but you can 
make it float by changing the water’s 
density. Add salt to the water and stir 
gently to dissolve it. Take care not to 
crack the egg. If you keep adding salt, 
eventually the water will contain so 
much that it becomes denser than the 
egg, and the egg will float to the surface. 




/*a.rj>Ce.S ca /) 
ljov add 

4>oart Si/\lc.S ? , 
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Put your boat into a bowl 
of water. The clay now floats 
and will even support the 
weight of several marbles. 


HOW DOES 
THIS WORK? 


The marbles and modelling clay sink because they 
are denser than the water - they are heavier than 
the same volume of water. Moulding the clay into 
a boat shape makes it less dense, so it floats. The 
clay itself has the same density, but as the boat is 
now full of air, the density of the whole shape is 
less. The pen-top diver has a bubble of air trapped 
inside. When you squeeze the bottle, the bubble is 
squashed into a smaller volume so the diver’s 
density increases. When the diver is denser than 
water, it sinks. When you let go of the bottle, the 
bubble expands again and the diver floats. 
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SCIENCE AROUND US 


DUNKING 

DIVER 

Divers wear heavy weights to sink and use tanks of compressed air 
to surface. Expanding the air changes their density. You can see 
how by making your own diver in a bottle. 


YOU WILL NEED: 

Modelling clay 

Plastic pen top with no hole at the top 

Paper clips 

Wire cutters 

Glass of water 

Empty plastic bottle 

10 mins 




I Roll some modelling clay into a 
ball and stick it on the end of the 
pen top. Cut a hook shape out of 
a paper clip with the wire cutters and 
stick the hook into the opposite end 
of the ball. 


Drop your diver into 
the glass of water, 
and remove bits of 
the modelling clay until 
your diver just about 
floats in the water. 





Sinking subs 

Submarines dive by making themselves 
denser than water. They do it by opening 
valves to let seawater into ballast tanks 
inside the submarine. When the tanks are 
full, the sub is denser than water, so it 
sinks. To rise to the surface again, the 
water is forced out of the tanks. 




Fill the empty plastic bottle 
with water, and drop in a 
bunch of paper clips. Drop 
the diver into the bottle as well, 
and screw the cap on tightly. 


4 If you squeeze the 

bottle, the diver will dive 
to the bottom of the 
bottle. When you release your 
grip, it rises back to the top. 


Ca./) Ljou 
/w a.lc.e Ljour 
ctc'ver /x'ck. 
up a. paper cUp ?- 


Press 'the. 
s ('ct.es o^'the 
i>o'ttCe 'to 
A*a.lc.e 'the 
cte'ver sr/tlc. 


— 
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FIZZY FOUNTAIN 


creating a 


beautiful effect as they pull the water through 1 


YOU WILL NEED: 

Plastic bottle 
Jug 

Vegetable oil 
Water 

Food colouring 

Two effervescent tablets (containing 
citric acid and sodium bicarbonate) 


10 mins 


TOP TIP 

Try using other oils to see 
what happens, Instead ot 

vegetable oil, use olive oil or 
corn oil. You could add glitter 
to your fountain lor added 

colour, and shine a lamp on it 

<o see some cool effects, 


4 Loosely screw 
the bottle top 
back on and 
watch your fizzy 
fountain start to work. 


3 


Break the two 
effervescent tablets 
in half and drop them 
into the bottle. They should 
start to fizz up immediately. 




I Pour the vegetable oil 
into the bottle until it’s 
about three-quarters 
full. Use a jug to top up 
the last bit with tap 
water. The oil will float 
on the shallower layer 
of water. 


Add a few drops of food 
colouring. For best 
results, use a few drops 
of two or three different colours, 
The colouring will take a few 
moments to travel through the 
oil, before slowly mixing with 
the water. 


SCIENCE IN <;i-TMMne 

Pretty patterns 

Have you ever noticed colourful, swirly patterns on the surface 
of a water puddle? They are caused by a thin film of oil (perhaps 
dropped by a car) spread on the top of the water. You can recreate 
the effect with a bowl of water and a few drops of oil. Each beam 
of light is reflected off both the surface of the oil and the 
surface of the water below. The interaction between 
these two reflections creates the colours you see. 


24 










Tbe.se. j>fae. 
i>(oi>s ba.ve. s\oT 
/M('Ye.ct wTb 'tbe. 
carter Ljest 


Cari>oA 
c£('oyc('c/e 
i>vi>i>(e. 
re.a.cbe.s 
Tbe. surface 


•- 




- Tl 












TOP TIP 






Poinkil mg or indigestion tablets 4 

“ sui,0b, e lor this experiment ■ 

long as they contain citric acid M 

and sodium bicarbonate, These H 

ingredients react with each other 

when mixed with water, producing 

carbon dioxide gas, 


Wax lamps 

You may have seen lamps that contain 
lumps of wax that move through water. 
When the lamp is turned off, the cold 
wax is denser than water and it rests at 
the bottom. When the lamp is switched 
on, the bulb in the base lights up and 
warms the wax. The warm wax 
expands more than the water. It 
becomes less dense and floats up 
to the top. At the top the wax cools, 
becomes denser, and sinks again, 
creating lovely patterns. 


HOW DOES 
THIS WORK? 

When the tablets start to dissolve in the water, they begin to 
fizz The fizzing is carbon dioxide gas, which forms bubbles that 
rise up through the bottle. Water is more dense than oil, but 
whence gas bubbles attach themselves to blobs of water, the 
blobs and the bubbles together are less dense than the °J, so 
they float upwards. At the surface, the bubbles pop and the 
blobs of water sink back down again. 






Bubbles attach to 
the water blobs - 


Effervescent tablets 
release gas bubbles 



YOU WILL NEED: 







SLIME TIME 

See"' tteCXe, itwuisiick together more like a sold 


Cup 

Bowl 

Spoon 

Cornflour 

Water 

Food colouring 






FAN l AS 1 1C 

PLASTIC 


Plastic is one of the most versatile materials. It is used in everything from 
saucepans to spaceships. Many plastics are made from fossil fuels, but here s 
how to make your own plastic from things you can find in your kitchen. 




I Mix one tablespoon of starch 
with four tablespoons of water 
in a saucepan. Add a teaspoon of 
glycerine and another teaspoon of 
vinegar and stir until it is all blended. 


2 


Ask an adult to put the 
saucepan on a low heat 
and keep stirring. 


3 


As the mixture heats up, it will 
change from a cloudy liquid to a 
clear gel. Continue stirring until it 
is completely clear and starts to bubble. 


YOU WILL NEED: 

Old saucepan 
Spatula 

Stove or hot plate 
Starch (cornflour, potato starch, 
tapioca starch etc) 

Water 
Glycerine 
Vinegar 
Aluminium foil 



1 day 


TOP TIP 

To make the plastic more riqid 

reduce the amount of glycerine 
ouuse, Adding more Ee 

' softer and more flexible, The 

teal VerV 4 S ‘ ,Cky - bu( " VOU 
ave ,he P° n *0 soak for a few 
hours after use, it will 
be easier to clean, 




Actctfaq <^ooct coCovrc'Ae^ 
'to 'the. /wor u*([[ coCour 
uour ptaS'tu 


4 Take the pan off the heat and use the 

spatula to spread your plastic on a sheet 
of aluminium foil. It will take about a day 
to set, but once it has you will have your own 
homemade plastic. It is completely biodegradable 
and environmentally friendly. 
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BUTTER 1 1 UP 

A mixture is two or more suhst^ minute 

SESa*-"' 


YOU WILL NEED: 

Thick cream 

Clean jar or food container with a lid 

Sticky tape 

Bowl 




15 mins 


I Take the cream out of the fridge 
and leave it for 30 minutes, so 
it reaches room temperature. 
Half-fill a jar with the cream. Put 
the lid on and tape it down so that 
it can’t come off by accident. 


Shop-bought butter 

Your homemade butter probably 
doesn’t look or taste like the 
shop-bought variety. Salt, colouring, 
flavouring, and preservatives are 
often added to commercial butter 
to make it look and taste better, 
and to keep it fresh for longer. 

Gas or vegetable oil may also be 
whipped into the mixture to make 
it spread more easily. 



TOP rip 

You a on speed up the 

«%"STr s! ‘' 

with the cream T marbleir 
COntain ^ not a gillie 

add « pinch ot salt. ' 


HOW DOES 
THIS WORK? 


Cream 


While churning 


Butter 


Cream is a specific type of colloid called an emuls.on that has 
tiny droplets of fat dispersed in water. Shaking the cream makes 
its fat droplets stick together, forming butter. Butter is also a collo , 
as it contains microscopic water particles. To make an emulsion 
usually requires an emulsifier. An emulsifier s molecules are 
attracted to both substances in a mixture and ho Id them together. 
Special chemicals are used to create stab e emulsions Your 
homemade emulsions will separate out into layers after a whil . 


«> 


m 

L-.Tiny blobs of fat are 

i„_The fat blobs 

The fat contains tiny. \ 

suspended in water 

join together 

drops of water 
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HOLDING IT 

TOGETHER 

Some liquids ■ such as oil and water * do not usually mix well. If you 
stir them together, they soon separate again. T o make a stable mixture 
from liquids like this, you have to add an emulsifier - a substance that 
can hold the mixture together. 


YOU WILL NEED: 

Four clean jars with lids 
Labels 

One egg yolk 
One teaspoon flour 
One teaspoon mustard 
One teaspoon washing-up liquid 

a 



10 mins 


I Put equal parts of oil and 
water into four glass jars. 
Screw the lids on, give 
each of the jars a shake, then 
let them sit for a minute. The 
oil and the water separate. 


i Take the egg yolk, 
flour, mustard, and 
i washing-up liquid, 
and add each to a separate 
jar. Label the jars and give 
them another shake. 


p—— V 




V _ 





L, J 


3 


Let the jars sit for a minute. 

The contents of the jars with egg 
yolk, mustard, and washing-up 
liquid added to them stay mixed, but the 
jar with added flour separates into layers. 




Colloids in nature 

Any type of substance spread throughout 
another produces a colloid. Fog, mist, and 
smoke are all colloids as they contain microscopic 
particles of liquids or solids dispersed through a 
gas (air). Gases can also be suspended in a solid. 
Pumice is produced when a volcano hurls out 
frothy lava, which solidifies to make rock with 
carbon dioxide bubbles trapped inside. 





r 


1 
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Turn your bicycle upside 
down so it is resting on the 
seat and handlebars. Tape 
one of the bottles to a spoke on 
the back wheel. Positioning the 
bottle with its base against the rim 
will make it less likely to leak. 


77? e oAe. ljou 
s/h/a wCC have. 
se.pa.rarte.ct 
takers 


TOP TIP 

n a variety ol substances 

experiment. Which ones 

ed longer on the cycle 
entrituge before they 
separate out. 


Spinning blood 

Blood is a mixture of different 
substances, which have different 
uses in medicine. To separate blood 
into its parts, a centrifuge is used. 
Blood donations can be spun around 
at high speed so that the red blood 
cells are pushed to the bottom, with 
a thin layer of white blood cells and 
watery plasma on top. 


I In a jug, mix three parts oil with 
one part vinegar and a little 
mustard. Pour the mixture into 
the bottles and screw on the tops. 
Seal the bottle tops with tape so 
that they can’t come undone. 


/ ^ Shake both the bottles for 
at least 1 0 seconds so that 
the mixture is cloudy and the 
contents have mixed together. One 
bottle will go in the cycle centrifuge, 
the other will act as a control. 


Spin the pedals of the bike 
as fast as you can for about 
30 seconds. Wait for the wheel to 
stop spinning completely so you don’t 
get your fingers caught in the spokes. 

Remove the bottle from the wheel and 
compare it with the control bottle. 

77? e coA'troC 
ixrttU stitt 


®,v© 


ryri i: 

CENTRIFUGE 


YOU WILL NEED: 

Bicycle 

Two small clear plastic bottles with tops 

Sticky tape 

Jug 

Vinegar 

Mustard 

Oil 


20 mins 
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TRUE 

COLOURS 

Chromatography is another technique for separating mixtures. 
It involves passing a mixture through another substance. The 
different particles of the mixture travel at different speeds 
through the substance and separate out. 



I Cut three strips of blotting paper or 
filter paper to the same height as your 
glasses. Use a different colour marker 
to draw a large dot about 2 cm (0.8 in) 
from the bottom of each strip. 


Pour 1 cm (0.4 in) of 
^ water into three glasses. 
■ H Lower each of the strips 
of paper into a glass and fix 
them to the side of the glass 
with a paper clip. The dots 
should be about 1 cm (0.4 in) 
above the level of the water. 



W 


J 


HOW DOES 
THIS WORK? 

Mixtures contain particles of different 
sizes and weights, and these differences 
can be used to separate them. One of the 
simplest ways of separating mixtures is 
filtration - passing the mixture through a 
sieve to separate bigger particles from 
smaller ones. In a centrifuge, heavier 
particles are pushed to the bottom of the 
mixture more forcefully than lighter 
particles. In paper chromatography, water 
soaks through the paper and carries the 
mixture with it. The different colour inks 
spread out as they travel through the wet 
paper at different speeds. 


YOU WILL NEED: 

Water-soluble marker pens in 
three different colours 
Blotting paper or coffee filter paper 
Scissors 
Water 

Three glasses 
Paper clips 

0% 

20 mins 


Gas chromatography 

A liquid mixture can also be separated 
by turning it into a gas. A sample of 
the mixture is heated to a very high 
temperature inside a machine and 
then pushed through a special solid 
or liquid column. Each gas passes 
through the column at a different speed 
and is detected as it reaches the end. 





The ink in marker pens is 
^ made up of lots of different 
\w coloured inks. After a few 
minutes, each of the dots will 
have separated out into different 
colours. You will be able to see 
which colours make up each ink. 


Tb e sepa rartc'oA 
O'f'tbe. </\lc. r's ca.CCe.ct a 
ckro/^a'to a rapine pa'tte.m 



Blue 
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Black 


Green 
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OXIDATION 

STATION 


YOU WILL NEED: 

Wire wool 

Vinegar 

Glass jar 

Thermometer 

Cardboard 

Scissors 





3 


Put the wire wool back 
in the jar. Place the card lid 
on top with the thermometer 
pushed into the middle of the 
wire wool. After 20 minutes, 
the wire wool will have gone 
rusty. Check the temperature 
in the glass. Has it risen? 


,.^JThe 'te/*f>erartvre 
r<Se.s as 'the. 
reac't('o/\ a(Ve.s 
O'/qf'he.a.'T 


When substances bre^k apart ^ chemical reactions are 

&MT.5 Rating is an irreversible reacbon. 


20 mins 


Fire! 

Burning, also called combustion, 
is another example of an 
irreversible reaction. When 
something burns, it combines 
with oxygen. Like rusting, 
burning is an oxidation reaction. 
Burning is a much faster and 
more energetic chemical reaction 
than rusting, so it gives out a lot 
more heat - and light, too. 


Remove the thermometer 
and card lid. Put a ball of wire 
wool into the jar and pour 
vinegar over it. Let it sit for a minute. 
Remove the wire wool, shake it dry, 
and pour away the vinegar. The 
vinegar strips away the wire wool’s 
protective coating, exposing the 
metal underneath to the air. 


I Cut out a circle of card that is bigger 
than the neck of your jar. Make a hole 
in the centre for the thermometer. 
Place the card on the jar and push the 
thermometer inside. After a few minutes, 
take a reading from the thermometer. 


HOW DOES 
THIS WORK? 

Atoms are joined together with chemical bonds, forming larger 
particles called molecules. Some molecules conte'n atoms of 
more than one element. These are called compounds. When 
different substances come together, the bonds between their 
atoms can change, making new molecules and compound . 
Energy is needed to break the bonds between atoms. This kin 
of reaction is called an endothermic reaction, meaning it takes in 
enerqy When chemical bonds are formed, energy is released, 
usually in the form of heat or light. This kind of reaction is an 
exothermic reaction. When the wire wool rusts the iron it 
contains reacts with oxygen in the air (oxidizes) to form a 
new compound, iron oxide. The reaction involves joining the 
iron and oxygen atoms, so it is an exothermic reaction. 
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ROTTEN 

APPLE 

If you leave an apple for long enough, it will start to decay. Micro-organisms 
feed on the fruit and break it down into other substances, such as nitrogen 
compounds and carbon dioxide. This is an irreversible reaction. You can’t 
un-rot an apple - but you can slow the rotting down. 


I Number the cups from 1 to 4. 
Cut the apple into four equal 
segments and put a segment 
into each cup. 








Cover the first three pieces of apple 
with a different substance. Put 
table salt into cup 1 , epsom salts 
into cup 2, and baking soda into cup 3. 
Don’t add anything to cup 4; it will be 
your control cup. Store the cups in a cool 
dark place where they will not be 
disturbed for about a week. 


YOU WILL NEED: 

One fresh apple 
Knife 

Four disposable plastic cups 

Table salt 

Epsom salts 

Baking soda 

Spoon 


1 week 



la 


Preserving food 

Various methods are used for 
preserving food. Refrigerators chill 
it. Freezers freeze it. Food is also 
preserved by being canned, smoked, 
salted, dried, and pickled. All of these 
methods either stop or slow the 
activity of the micro-organisms 
that make food rot. 


LsJ 

Z 

■ ■ i 
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SaC't pre.se.rve.s 
'the. appte. 
re/nou('no a(t O'f 
'the. /^ocs'ture 


Epsom salts 


pSO/v Sat'ts 
appe.ar 'to 
spe.e.ct up 
'the. cte.ca.uj 


&alc.('/\c\ socta 
cteS colours 
'the. appte. 


Control 


After a week, compare the four 
^ segments. The control segment has 
\w probably gone mouldy. The segment 
from cup 1 is probably the best preserved, 
as salt draws the moisture out of food and 
so the micro-organisms that cause decay 
cannot thrive. 


So/iie. Aioutct 
appe.ars on 'the. 
con'trot p('e.ce. t 






ELEPHANT’S 
TOOTHPAS i b 

SSSSr. a— 


I Stand the bottle in the 
middle of the tray. Using 
the funnel, pour the 
hydrogen peroxide into the 
bottle and add a few drops 
of food colouring and 
washing-up liquid. 


WARNING! 

Hydrogen peroxide is 
avaiabte from pharmacies, On/v 

for thif a 0nSO ' 3 ‘ 6% ™ suitable 

,o yh,s experiment. Do not use higher 
concentrations. Never haneS; 

^yourself; as k an adu( J™ 
ou should both wear goga/pc 
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Using the funnel 
again, pour the yeast 
mixture into the 
bottle. Quickly remove the 
funnel and stand back. 


Mix a teaspoon of yeast 
^ with two tablespoons of 
■ H hot (but not boiling) 
water in a bowl. 


Rocket fuel 

Concentrated hydrogen peroxide, 
or high test peroxide (HTP), reacts 
extremely violently when a catalyst 
is added to it. It is used in jet packs 
to propel humans through the air for 
short distances. The catalyst in this 
case is silver. When HTP flows over 
the silver, it produces oxygen and 
steam at more than 700°C (1 ,290°F). 
This gives the rocket pack an 
upward thrust when it is expelled 
through a nozzle at its base. 




4 The liquid starts bubbling 
before producing a foam that 
spurts out of the bottle’s neck. 
It looks like a massive amount of 
toothpaste squeezing out of a tube. 


f'S iriar/n, 'bu't 
Sa'/e. 'to 'touch 


YOU WILL NEED: 


Empty plastic bottle 
120 ml (4 fl oz) hydrogen peroxide, 
no greater than 3-6% concentration 
Washing-up liquid 
Food colouring 
Dry yeast 
Hot water 
Funnel 

Baking tray or shallow pan 




m 


5 mins 






Catalytic converters 

Car engines produce a variety of gases when they burn fuel. Some of these, 
such as carbon monoxide and nitrogen oxides, are harmful to humans 
and the environment. To counteract this, cars are fitted with catalytic 
converters to speed up the decay of these gases. Catalytic converters 
have a mesh coated with metals, such as platinum, rhodium, and 
palladium, that act as catalysts. When exhaust gases from the 
engine pass through, the mesh breaks the nitrogen oxides into 
nitrogen and oxygen, which are safe gases, and makes the carbon 
monoxide combine with oxygen, producing carbon dioxide. 
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HOW DOES 
THIS WORK? 

If left long enough, the hydrogen peroxide will 
eventually break down into water and oxygen on 
its own. By adding a catalyst - yeast - the process 
is speeded up. Hydrogen peroxide locks onto the 
yeast, and the yeast splits it into oxygen and water 
without becoming chemically changed itself. 

The oxygen produced in the reaction combines 
with the washing-up liquid to produce a large 
amount of foam. Some of the water becomes steam 
because this is an exothermic (heat-producing) 
reaction. The rest of the water is left in the bottle 
with the dissolved yeast. 


Hydrogen 

peroxide 



Yeast 


; Hydrogen peroxide 
I makes contact 
j with the yeast 




fun 
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' WATER PINK 

Many chemicals burnS 

acid in lemon juice, taste sou . 9 em i ca ls change colour when 

Souses. The, are caUed indicators. 


YOU WILL NEED: 

Jug 

Glass 

Distilled water 
Phenolphthalein indicator 
Washing powder 
Vinegar 


5 mins 



I Put half a glass of distilled 
water into the jug. Drop 
a teaspoon of washing 
powder into a glass. 




lriarte.r <S /\e.v'tra( 
so 'the. facta artor 
S'ta.ijS co[oor(e.ss .. 
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2 Ask an adult to add about 1 0 drops 
of phenolphthalein to the jug of 
water. If your phenolphthalein 
is in powder form, only use a pinch. 

The water stays colourless. 



Pour the water from the jug into 
^ the glass. When it hits the glass, the 
\w water changes from colourless to a 
vibrant pink. Phenolphthalein turns pink in 
the presence of a base and bright orange 
when mixed with an acid. 


1 


I ill 

J I 


WARNING! 

Phenolphthalein can be 
Purchased online. Be especially 

careful when using the solution t Is 

harmful ,7 it touches ' 15 

'^aled, or swallowed, so per o m v 

MPer ' ment in a we "-''entilated area' S 

and wear gloves, goggles, and 

a face mask, 


HOW DOES 
THIS WORK? 

An acid is a substance that produces positively 
charged particles made of oxygen and hydrogen, 
called hydronium ions, when dissolved in water. 
The more hydronium ions an acid releases, the 
stronger the acid is. A base is the chemical 
opposite of an acid. Bases produce negatively 
charged particles in water, called hydroxyl ions. 
The more hydroxyl ions a base produces, the 
stronger it is. Bases that dissolve in water are 
called alkalis. Phenolphthalein and cabbage water 
are both indicators, which means that they show 
whether a liquid is acidic or basic. They change 
colour because the structure of their molecules 
changes depending on the amount of hydronium 
or hydroxyl present. 



The. Ucjvcct t'oms 
pfalc . , i^hdh /*e.a.AS 
'the. £~>a.shfaq po^cte.r 
(S a. txxse. 


TOP TIP 

(such af a,e w drops o' an acid 

. 9 °r or ,em °n juice) 

acid and base will cancel each 
so that it turns clear again, 
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CABBAGE 

INDICATOR 

You can make your own indicator just by boiling some 
red cabbage. Use it to test substances around your 
house and find out whether they are acids or bases. 


YOU WILL NEED: 

Red cabbage 
Chopping board 
Knife 
Saucepan 
Distilled water 
Sieve 
Large jar 

Four small glasses 

Substances for testing, such as lemon 
juice, vinegar, baking soda, and soap 



Heat some distilled water in a pan 
^ and add the chopped cabbage. 
!■ Cook for about 1 0 minutes, or 
until the water goes purple. Turn the 
heat off and let it cool. 


T><sT<'tCe.d 

v('s\e.aa.r 


Ask an adult to chop about 
half of the red cabbage 
head into small pieces. 


fK Strain the 
^ cabbage water 
\w into a large jar 
to remove the 
cabbage pieces. 
Divide the water 
evenly into the 
four glasses. 


Flower power 

The hydrangea shrub produces different 
coloured flowers depending on the acidity 
of the soil. It produces blue flowers on 
acid soils, pink or purple flowers on basic 
soils, and it has creamy white blooms 
on neutral soils. 


4 Add one testing 
substance to each 
glass. Those that turn 
the cabbage water red - 
such as lemon juice and 
vinegar - are weak acids. 
Baking soda and soap turn 
the water blue because they 
are weak bases. 


The. Utjucd Turns 
/x'/\k.cj re.d de.ca.use. 
The. v<'/\e.aa.r rS accdcc 
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V *°l"yOLCj\NO 

When acids and bases meet they react "dh each other. 
Thev are said to “neutralta” each other because the 

SSHESEHS 


YOU WILL NEED: 

Empty plastic bottle 
Baking soda 
Washing-up liquid 
Warm water 
Red food colouring 
Vinegar 
Tray 
Sand 



I Pour warm water into the 
bottle until it is about three- 
quarters full. Add two heaped 
tablespoons of baking soda. 
Cover the top and shake so that 
the baking soda fully dissolves. 





20 mins 


Add five drops of 
^ red food colouring 
■h and then a big drop 
of washing-up liquid. 




TOP TIP 

It It's too difficult to get the 

wegarinto the bottle, use a 
unnet. Meitout’assoon 

os the volcano erupts, 




Earthly explosion 

Real volcanoes erupt because of a 
physical process, not a chemical 
reaction as in this experiment. Molten 
(liquid) rock called magma forces its 
way up from deep underground and 
fills a chamber beneath the volcano. 
The pressure builds up until the surface 
rock cracks open and the molten rock, 
known as lava once it reaches the 
surface, bursts out. 



Pile damp sand around 
^ the bottle in a cone 
\w shape, but leave the 
mouth of the bottle exposed. 
Take care not to let any 
sand fall into the bottle. 




L_ 



Foa.A* Cava. s(c’cCe.s 
cCo (^/ 1 T%e S('cCe.s 
O'f'tke. volcano 
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HOW DOE! 



mis WORK? 


4 Pour vinegar into the 
bottle until your volcano 
starts erupting. If it 
stops, pour in more vinegar. 



When an acid and a base react, they always 
produce a salt and water. Vinegar contains 
acetic acid and baking soda contains sodium 
bicarbonate, a base. They react to produce 
sodium acetate (a salt) along with a new acid 
called carbonic acid. However, the carbonic 
acid immediately breaks down into water and 
carbon dioxide. Carbon dioxide mixes with 
the washing-up liquid to make foam. 

O 




Carbonic acid 


O 


Water 


Carbon dioxide 


SCIENCE IN SECONDS 


Baking soda bag bomb 

You can use the reaction of vinegar and baking soda to create 
a bang. Fold two tablespoons of baking soda tightly inside a 
paper towel. Pour half a cup of vinegar and a quarter of a cup 
of warm water into a sealable plastic bag. Hold the towel parcel 
inside the bag, above the liquid, while you seal the bag closed. 
Put the bag down and stand well back. 

When the liquid soaks 
through the paper 
towel the bomb 
will go off! 




TOP TIP 

II your volcano does not produce 

not boiling) water, Adding more 

baking soda should also increase 

'he amount of foam produced 
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COPPER 

PLATING 

In certain solutions, 

positive or negative charge. A process J nai , s are a 


YOU WILL NEED: 

Small jar 
Vinegar 
Salt 

About 10 tarnished copper coins 
Ungalvanized iron nails 



1 hour 


I Half-fill a jar with vinegar 
and stir in a teaspoon of salt. 
Drop about 10 copper coins 
into the solution and leave them 
for 30 minutes. The darker the 
coins, the better. The dark 
coating is a layer of copper 
oxide, formed when copper 
reacts with oxygen in the air. 



Take the coins out of 
^ the vinegar. Rinse them 
!■ in water and dry them. 
They should now be all shiny. 
Drop some nails into the 
vinegar and check them 
after another 30 minutes. 


HOW DOES 
THIS WORK? 

The vinegar and salt strip the copper oxide coating off the c ° ins - ln 
solution 9 the copper oxide exists as positive copper ions and negative 
oxvqen ions When you add an iron nail, the iron produces positiv 
ions leaving the nail with a negative charge. The positive copper ions 
are attracted to the nail and stick to it, giving it a copper coating. 


Negative 
oxygen ions 



Positive 


Positive copper 
ions are attracted 



In the baking soda and salt solution, the silver sulphide forms 
pSa silw ions and negative sulphur ions. The 
positive aluminium ions. The positive aluminium ' ons J ra J the 
negative sulphur ions, forming aluminium sulphide, which you 
might see as a yellow layer or yellow flakes at the bottom of the 
tray, leaving the silver nice and shiny. 


TOP TIP 

S T n e Z Mnailsare ionized 
(coated with another metal) 

stop this experiment from 

working so be sure to use 

ungalvanized nails, 



The. a a/Cs 
i^e.re. or^AaCC^j ! 
srtve.i — co(oure<rt.—J. 


The nails that were 
silver-coloured when 
they went into the 
vinegar solution will now 
have a bright layer of 
copper on them. 





SPRUCE UP 

SILVER 

Silver becomes dull because it reacts with sulphur in the air to 
form silver sulphide, a black tarnish. You can use an 
electrochemical reaction to transfer the sulphide to aluminium 
foil, leaving the silver shiny and bright again. 


YOU WILL NEED: 

A tarnished silver item 

Heatproof dish 

Aluminium foil 

Boiling water 

Two tablespoons salt 

Two tablespoons baking soda 



1 hour 



I Cover a large heatproof dish 
with aluminium foil - shiny 
side up - making sure to get 
it into all the corners. 



fK Ask an adult to pour in some boiling water, 
^ then add the salt and baking soda and 
■h stir until they dissolve. Place the silver 
item into the water so it is completely covered. 




And the award goes to... 

Plating is used to prevent corrosion, 
to give objects a hardwearing surface, 
or to decorate objects with a more 
attractive metal. The famous Academy 
Award, or Oscar, awarded to actors 
and filmmakers is plated. The first 
Oscars were made of gold-plated 
bronze. Today they are cast from 
a dull grey metal called britannium, 
but sparkle once they are electroplated 
with a layer of 24-carat gold. 


© A.M.P.A.S.® 
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SCIENCE AROUND US 








Things spin or swing,* 
or pushed by twees. 

^everything in ittc 

^an make strong s 

we can make vehicl 
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very thin and fragile, but their shape enables them to 
support a surprising amount of weight. 


YOU WILL NEED: 

Four eggs 

Tape 

Pen 

Sharp scissors 
Bricks or heavy books 



20 mins 



TOP TIP 

Don't tvasle (he contents of 
eggs - you can use them (o 

make some scrambled eggs or 
a tasty omelette! 


/ ^ Stick clear tape around 
^ the middle of the egg. 

■ H Draw a line at the widest 
point and ask an adult to score 
it with the scissors. 



^ t Carefully break off pieces 
^ of shell from the pointy end 
\w to the line, then use the scissors 
to carefully snip around the line. If the 
shell beyond the line cracks, you’ll 
have to start again. Prepare three 
more eggs in this way. 



Solid semicircles 

Certain shapes are often used 
in architecture for their strength. 

Many strong structures, like roof 
supports and cranes, use triangular 
shapes. Arches are useful for 
constructing bridges as they can 
support weight above open spaces. 
The ancient Romans were expert 
builders and often used domes 
and arches in their designs. The 
Pont du Gard aqueduct (above) in 
the south of France was built in the 
first century. It has 64 arches on three 
levels. Each level transfers its weight 
to the level below and into the ground. 




HOW DOES 
THIS WORK? 

arch is strong because its shape evenly 
spreads the weight that it bears. A dome 
s like a series of many arches arranged 
n a circle. Your halved eggshells are mini 
domes. The downwards force of the bricks’ 
weight is balanced by the strength of the 
dome shape, which distributes the load 
along the curve of the eggshell. 


Arch shape 


.Dome works like 
I a set of arches 


Dome shape 



03/09/2010 15:19 





SCIENCE IN SECONDS 


Strong shapes 

Using drinking straws and sticky tape, 
make a triangle and a square. See how 
much force you need to crush them. 
The triangle is stronger. Any force you 
use to flatten a corner also acts along 
the straws - it can’t be crushed without 
bending the straws or pulling them 
apart. The square, on the other hand, 
can easily be flattened. 


WARNING 


The eggshells are likely to 
wack and give wa y verv 

suddenly, so stand well back 

b n e '^ enaddin 9 the weights 
and do not carry out this 

experiment near breakables! 


Ca.re.'/i/Ut^ Ca.Lj 

'the. t>rr'c/cS 
OA 'top O'f 

e.a.ch oThe.r . 




4 Lay out your four 
eggs in a rectangle 
shape. Carefully lay 
a brick or heavy book on 
top of the shells. How 
many can you add before 
the eggshells crack? 


* 


The. e.otots 
a.C( i>e. 'ihe. \ 
jva/we he.coh't or ' 
The.^ w‘CC aoT 
spre.a.ct The. 1 
t^e.fah't e.vey\Ccj. 
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LAUNCH A „ 

BOTTI.li ROCKk l 

It takes some of the brightest scientists in t he world to 

^sxsrssssassi 

can launch a bottle rocket in your garden. 


YOU WILL NEED: 

Empty plastic bottle 
Card 

Sticky tape 
A cork 

Foot pump with a needle adaptor 
Water 



1 hour 










I Push the needle adaptor 
through the cork. If the 
adaptor won’t go all the 
way through, cut off some 
of the cork until it does. 


Laws of motion 

English scientist Sir Isaac Newton 
(1642-1727) is most famous for his 
theory of gravity, but he also worked 
out three laws of motion that describe 
the way that all objects move. The first 
law says that an object will stay still or 
move along at a steady pace unless a 
force acts on it. The second law says 
that when a force acts on an object, 
it makes the object change speed or 
move in a different direction. The third 
law says that when a force acts on an 
object, the object will push back in the 
opposite direction with equal force. 


# t Quarter-fill the bottle with water and 
^ push the cork in. It must fit very 
\w tightly or the bottle won’t launch. 

If the seal isn’t airtight, wrap some tape 
around the cork then push it back inside. 


4 Go outside and connect 

the foot pump’s air line to the 
needle adapter. Stand your 
rocket on its fins and attach 
the nose cone to the top. 


? 

■■t 


i Cut out four fins and a cone from the 
* card. Turn the bottle upside down and 
i tape the fins to the neck end. Your 
rocket should stand on its fins with enough 
room underneath to attach the pump. 







We have liftoff 

Space rockets work in a similar way to your 
bottle rocket. Instead of squirting water out of 
one end, they burn fuel to make a jet of hot 
gas. The force of the gas escaping from the 
rocket in one direction pushes the rocket in 
the opposite direction. 


Place the pump as far 

> from the bottle as you can. 
Start pumping air into the 
bottle. After a few seconds, 
you should have liftoff! 




HOW DOES 
THIS WORK? 


As you pump air into 
the bottle, the pressure 
builds up inside. 
Eventually, the force of 
the air pushing on the 
water is enough to push 
the cork out of the bottle. 
The water rushes out of 
the bottle in one direction 
and the bottle pushes 
back in the other, which 
results in the bottle being 
launched skyward. 


if 




warning^ 


This experiment should be 

earned out outside with adu/t 

aperwsion. The rocket goes oil 
very suddenly so once you’re 
started pumping don't approach 

".eiren if it seems like nothing" 

,s happening, 


As you pump, pressure 
builds inside bottle 


Water pushes out, 
launching the rocket , 







SCIENCE AROUND US 


GRAVITY-DEFYING 

WATER 

_ , QC « rircle it is really constantly changing direction. 

The object wwtsto travel in a 

XTel'you can W« I- "ope.uUy stay dry a. the same time). 


YOU WILL NEED: 

Plastic bucket 
Rope or strong string 
Water 


10 mins 


I Take about 1 m (3 ft) of rope or 
very strong string and tie it to 
the handle of a light plastic 
bucket. It needs to be secured very 
tightly so ask an adult to help you 
tie an extra-strong knot. 


2 


Add some water to 
the bucket. Don’t 
fill it more than a 
quarter full or it might 
become too heavy to lift. 



WARNING! 

this experiment outdoors 
where the bucket can't do any 

aTT i,llieso " 1 »» string 
and where ,t doesn't n, a t, eri , 

, h f 9e, . we,l, /°o don't get 

•he technique right first ((me! 




Fairground rides 

You can feel the effect of centripetal force if you 
take a fairground ride that whirls you around in a 
circle. You feel as though you are being pushed 
away from the centre of the circle, but in reality 
you are being pulled towards the centre by 
centripetal force. 


HOW DOES 
THIS WORK? 

The force pulling an object towards the 
centre of a circle is called the centripetal 
force. When you swing the bucket around, 
the string is providing the centripetal force 
and pulling the bucket towards the middle 
of the circle. While the bucket is upside 
down, it is being pulled towards the 
middle of the circle more than gravity is 
pulling on the water inside it. This means 
the water does not fall out of the bucket. 


i Force towards centre 
! pulls object around 
; in a circle 



If the force is removed, the object 
carries on in the same direction 






PUZZLING 

PENDULUMS 

A weight swinging on the end of a piece of string is a pendulum, Hang 
two pendulums together from the same piece of string and they start 
behaving very strangely indeed. 


YOU WILL NEED: 

Strong string 
Two mugs 
Two chairs 
Scissors 


10 mins 




I Stand two chairs back to back about 
1 m (3 ft) apart and tie a piece of string 
between them. Cut two more pieces of 
string, each the same length, and tie each 
one to the handle of a mug. 



Tie the other ends of the pieces of 
string to the horizontal string, about 
50 cm (20 in) apart and both an 
equal distance from the chairs. Adjust the 
chairs so that the string sags a little bit. 



HOW DOES 
THIS WORK? 

When you pull a pendulum up and then let it go, 
gravity pulls it downwards so it swings down to its 
lowest point. But as it falls it speeds up, and this 
speed keeps it moving so it swings past its lowest 
point. Gravity keeps pulling on it, slowing it down until 
it stops and swings back again. If two pendulums are 
attached to the same piece of string, they pass their 
motion back and forth between each other. One 
pendulum swings, pulling the string it is hanging from 
to and fro. This transfers energy to the second 
pendulum, which starts swinging itself. 


SCIENCE IN SECONDS 


Arrested descent 

Take a piece of string about 30 cm 
(1 ft) shorter than your height. Tie a 
metal nut to one end and a mug to the 
other. Hold a pencil in one hand and lay 
the string over it so the mug is close to 
the pencil and the rest of the string is 
horizontal. Let go of the nut. It will wrap 
around the pencil and stop the mug 
from hitting the floor. The nut on the 
string behaves like a pendulum. As the 
mug falls, the string between the pencil 
and nut shortens so the nut swings 
faster and wraps itself around the pencil. 




RAVIT 



yB 



AIR-RESIS i ING 
EGGS 

II you drop something it 

*«« is a 900d e,cuse ,0 

jeopardize some eggs. 


YOU WILL NEED: 

Three eggs 
Bin bags 

Twelve 50-cm (20-in) lengths of string 

Ruler 

Scissors 

Sticky tape 




30 mins 


I Cut a bin bag in half and 
lay it out flat. Using a ruler, 
measure three squares: 

20 x 20 cm (8 x 8 in), 

30x30 cm (12x12 in), 
and 40 x 40 cm (16 x 16 in). 
Cut out all three squares. 



If you position an object in a certain way, you can 
stop it from falling at all. Gravity pulls on every part of 
an object, but all of these pulls add up just as if the 
qravity were acting at a single point - the object s 
centre of gravity. A group of objects that are joined 
together, like the forks and the toothpick, has just one 
centre of gravity. The forks don’t fall over because the 
centre of gravity is directly below the rim of the glass, 
where the point of support is. 

The toothpick weighs so 
little that burning some of 
it away hardly alters the 
centre of gravity. 


The forks’ centre of 
gravity (marked with 
an “X”) is directly below 
their point of support 



you may want to ask an 
adult to help you. 



WARNING! 

bwtn^ itymayiml, ' eso ™ 

Broken eggs so ,s liable to create 

some mess, An adult shouM bt^ 
present throughout 
this experiment, 


o.a e^e/i drqqer 
poracbu'fe., or 
e>^>e/v/we/i'Z 4 tb 
(/('/^e.res)' t shapes . 
wbart happens 
uou pu't Smo.CC 
koCe.s (A uour 
porocbu' fe.? 



4 Starting with the smallest 
parachute, drop the eggs 
from a height of about 
3 m (1 0 ft). Inspect the eggs 
and see if any survived the fall! 






BALANCING. 

BHH\c i 

Every object has a point called its centre of gravity, around which 
its weight is evenly spread. You can balance things in a seemingly 
impossible way if you position their centres of gravity correctly. 


YOU WILL NEED: 

Two identical forks 

Toothpick 

Glass 

Matches or a lighter 



5 mins 





Take two identical forks and 
link the prongs together to 
connect them. 





_ 


Hammer and feather 

When a hammer and feather are dropped together, 
air resistance makes the feather fall much more 
slowly. But with no air to slow them down, both 
should hit the ground at exactly the same time. 

In 1971, Apollo 15 astronaut David Scott proved 
this theory. In a live television transmission from 
the Moon, he dropped an aluminium hammer and 
a falcon feather. In the Moon’s thin atmosphere, 
they both reached the ground at the same time. 


/^Insert a toothpick 
^ through the prongs 
Ih so that about 1 cm 
(0.4 in) sticks out from 
the back. Balance the 
toothpick on the rim of a 
glass, halfway between 
the end of the toothpick 
and the forks. The handles 
of the forks should point 
inwards towards the glass. 


Falling water 

Fill a Styrofoam cup with water and 
poke a hole in the side. Cover the hole 
with your thumb to stop the water from 
coming out. Drop the cup from a 
height and none of the water will come 
out while the cup is falling - only when 
it hits the ground. This is because the 
water and cup are both falling towards 
the ground at the same speed. 


Ask an adult to 
^ ignite the half of 
\w the toothpick inside 
the glass, being careful not 
to knock it. The toothpick 
will burn away, leaving the 
forks seeming to balance 
on virtually nothing. 



FLY A _ 

DAR i 


.. ♦/» fnrrps actinq on planes by making paper 
JIT r^n“e, This plane is a slim dart that ,s 

designed to lly quickly through the air. 


YOU WILL NEED: 

Paper 











/A 

W# 

# % 




I Take a rectangular sheet of 
paper and fold it in half 
lengthways. Open it out, making 
a fold in the centre of the paper. 


/ ^ At one end of the paper, 
^ fold both corners towards 
!■ the centre fold. The outside 
edges now slope at a 45° angle. 


'I 

\J 


I Fold both the sloping sides 
I into the centre fold once 
again so that they slope 
even more sharply. 


4 Fold the plane in half again 
along the centre fold. Then 
fold the wings down about 
2 cm (0.8 in) above the centre fold. 





FLOAT A 

GLIDER 


YOU WILL NEED: 

Paper 

Pencil 

Ruler 

Paperclip 


This plane is designed to glide slowly through the air but stay aloft 
longer than the dart. Does it fly as far as the speedier dart? You can 
find out by comparing the two planes. 



5 mins 




I Fold a rectangular sheet of 
paper lengthways and open 
it out again. Using a ruler, 
measure about two-thirds of 
the way along the longest 
edges and mark with a pencil 
on both sides. 


2 

!■ r 


i Bringing the top righthand 
' corner over, make a fold that 
I runs between your pencil 
mark on the right and the top of 
the centrefold. Repeat on the left 
side. You may have a small flap 
left over. 




Fold the nose back so that it 
^ is level with the pencil marks 
\w (which are on the other side). 
Tuck the small flap away. Fold the 
whole thing in half, with the nose 
on the inside. 




YOU WILL NEED 
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BALLOON 

HOVERCRAI- i 

When two surfaces rub against each other, the force 
between them is Iriction. II you're on the move, Inchon 
can slow you down. To reduce Iriction and move faster, 

a hovercraft glides on a cushion of air. 


Balloon 

Pop-up top from a drinks bottle 

Old CD 

Glue 




10 mins 


I Remove the pop-up top 
from the bottle and glue it 
over the hole in the CD. 
Leave it until it has set. 



Place the pop-up top in 
^ the closed position. Inflate 
■■ a balloon and, pinching the 
neck so that the air can’t escape, 
stretch it over the pop-up top. 




Get stuck into a book 

Take two books of equal size and 
interlace the pages so that they 
overlap each other by about 2-3 cm 
(0.4-1 in). Then push the books 
together so the pages overlap about 
halfway. Now try to pull the books 
apart. They stick tight even if you and 
a friend grab one side each and pull. 
All that is holding the books together 
is the friction between the pages. 






HOW DOES 
THIS WORK? 


Friction is the force that acts between any surfaces that rub together. 
Molecules in their surfaces bond (stick together), making it harder for 
the surfaces to slide past each other. A balloon hovercraft reduces 
friction by blowing air between the CD and the table to hold them apart. 
The friction caused by the air is much less than with a solid object. 



, A film of air separates 


| the CD and the table 







r 





( t ( f f 

T^ri 

f \ % % % % % %■> 


SCIENCE IN SECONDS 





S3 


Streamlining 

Anything that moves through air 
or liquid is slowed down by a force 
similar to friction, called drag. Some 
shapes naturally create less drag 
by letting air or liquid pass over 
them more easily. These are called 
streamlined shapes. A dolphin has 
a streamlined shape to help it glide 
through water. 


IZ 


Z 

■ ■■ 



TOP TIP 

The rougher the surface, 

'he more friction (here is. y 0U r 
ho ercraft will work best on o 

a ' n ;. s . mo J 0 ,hsur ' ac e,suchas 
“Poshed table top, y ou could 

try It on different surfaces 
t0 see how far it will slide 
over each, 





SCIENCE AROUND US 



Corrugated cardboard 

Two bamboo skewers 

Two large jar lids 

Two small lids or bottle tops 

Scissors 

Glue 

Rubber band 


Elasticity is the ability certain Using 


I Cut out a shape like the one 
above from corrugated card. 
Make sure the corrugations are 
at right angles to the direction the 
car will travel (see step 2). This is 
the car’s body. You can decorate it 
with sticky-backed plastic or paint. 


Push the bamboo skewers 
^ through one of the holes in 
!■ the corrugated cardboard 
at either end of the car’s body. 
These are the car’s axles. 

Trim their length if necessary. 


Ask an adult to make a hole 
^ through the centre of the 
\w four lids. Attach two lids to 
each axle - the big lids are the j 
back wheels and the smaller 
lids are the front wheels. 


Traction 

A car’s wheels move the car because 
of friction between the tyres and ground. 
This is also called traction. Racing cars have 
big, wide rear tyres that put extra rubber on 
the road and create the maximum traction 
so that the tyres don’t lose their grip when 
the engine turns them fast. 




lob/y work 

°n polished 

wo more 
' the grip 


Wit on, try 
Is around 


4 Attach the elastic band to 
the rear axle by looping it 
through itself, as shown. 
This anchors the elastic band 
so it does not fly off after the car 
stops moving. Pull the loop tight 
so the elastic grips the axle. 


r * Hook the other end of the 
^ rubber band to the lip in the 
\w hole in the car’s body. Now 
wind back the rear wheels. If the 
band is attached firmly enough to 
the rear axle, it should wind around 
and around until taut. 


HOW DOES 
THIS WORK? 

Winding up the car’s rear wheels stretches the 
rubber band. It can stretch because it is made 
of long, chain-like molecules. These are 
normally folded up, but stretching the band 
straightens them out. A stretched rubber band 
has potential energy - a store of energy that 
can be used later on. When you let go of the 
car, the potential energy is released as kinetic 
(movement) energy, rotating the wheels. 


The racer is ready for action. 
% Put it down on a flat surface 
w and watch it go! Try rubber 
bands of different lengths and 
widths to see which one makes 
your racer go furthest. 


Molecules are usually folded up 


TOP ] 


Vow racer Will pro 
better on carpet thai 
surfaces as it will! 
traction. Toimprov 
between the car's w 

Slre7v Ce/ ° U ’ reraci 
fetching rubber ban 

the wheels , 


Paddle power 

To make a boat powered by elastic 
energy, glue or tape a lollipop stick to 
each side of a small tin box so that they 
overlap the end by 6 cm (2.5 in). Loop 
a rubber band around the sticks. Slide a 
piece of plastic measuring 5 cm (2 in) by 
4 cm (1 .5 in) through the rubber band and 
rotate it. This winds up the rubber band 
and powers up the boat. Keep hold of it 
until you put the boat in water, then let go 
and watch it paddle away. 


ONUS 


SI 


IN 


SC 


I -O-O-O— O-O-O- 1 
|cXKXXK>oj 
lcXX>OOCH>l 
KXKKX>QO ; 

Stretching the rubber band 
straightens out the molecules 
















iu "('an crusher 

Cooling air can change its 

Lowering the pressure ms de a can leaves tuna 

the pressure of the air outside it, so drscrusnea » 


YOU WILL NEED: 

Tray 

Water 

Ice 

Empty drinks can 
Stove or hot plate 
Tongs 



10 mins 



I Take a shallow tray and 
put in enough ice to 
cover its base. Then 
pour in water to cover 
the ice. 


1 1 After a moment or 
L two, the can suddenly 
r collapses as if crushed 
an invisible hand. 


Put a small amount of water 
^ into an empty drinks can. 
■h Ask an adult to place the 
can on a hot plate or stove until 
the water boils and you see 
steam appear. Don’t touch 
the can - it will get very hot. 


The. qre.a'te.r ar'r 
pressure, ou'tsrde 
presses o / 1 
'the. ca /i 


Turn the heat off. 

^ Ask an adult to pick 
\w up the can using 
tongs and, as quickly as 
possible, place it upside 
down in the tray so that 
the opening is underwater. 


Poor sucker 




Pressure power 

In 1654, German scientist Otto von 
Guericke (1602-1686) carried out 
an experiment to show the power 
of air pressure. Two large copper 
hemispheres were pressed together 
to form an airtight sphere. The air 
inside was sucked out. Two teams of 
1 5 horses were hitched to the sphere 
and tried to pull it apart. Although the 
two hemispheres were only held 
closed by air pressure, the horses 
were unable to separate them. 




Half-fill a jar with a soft drink. Punch a 
hole in the lid and insert a straw. Seal the 
gap with modelling clay and screw the top 
onto the jar. Now, try to suck the drink 
though the straw. When you suck, 
your lungs draw air from your mouth 
so the pressure there falls. 

Normally, the outside air - 
pushing down on the drink - 
forces the drink up the 
straw and flows into the 
glass to take its place. 

With the top sealed, no air 
can flow in from outside 
so the drink cannot flow 
up the straw. 





FI-OWING 

FOUNTAIN 

Heating air makes it expand. If the air is sealed inside a container, it 
presses more on the inside of the container - the air pressure rises. You 
can use this to turn an ordinary plastic bottle into a fantastic fountain. 


YOU WILL NEED: 

Empty plastic bottle with lid 

Drill 

Water 

Food colouring 
Straw 

Modelling clay 
Safety pin or needle 



10 mins 


Remove the lid from 
the bottle and ask an 
adult to drill a hole in 
it just big enough for 
a straw to fit through. 

Fill the bottle three-quarters 
^ of the way to the top with 
■■ coloured water. Screw the 
lid onto the bottle and slide the straw 
through the hole so that most of it is 
inside the bottle. Use modelling clay 
to seal any gaps around the straw. 



3 


Roll a small ball of 
modelling clay and 
push it into the top 
of the straw. Use a safety 
pin or needle to make the 
tiniest hole you can 
through the ball of clay. 




HoT t^txTe.r hearts 
'the. a.('r fasr'cte. 


'the. boTtCe., 
ra.('S('Ai j 'the. a.('r 



The. <^arte.r r's 
<^orce.ct ouT by The. 
ra.('se.ct ar’r />re.ssi/re. 
(ASt'cte The. boTtCe. 


4 Put the bottle in the sink 
or bath and turn on the hot 
tap. Let the water run 
down the side of the bottle and 
watch the fountain start spraying. 




HOW DOES 
THIS WORK? 

Gas molecules in the air press against everything they touch-including 
you although you can’t feel them. When you heat the air inside the 
Plastic bottle, the air pressure rises. The air pushes on the water so that 
rt travels up the straw and sprays out of the hole. In the can-crushing 
experiment boiling the water inside the can turns it into steam. When yo 
SSe can in cold water it cools very quickly and the steam turns into 
water There is now less gas inside the can, so the pressure drops The 
greater air pressure outside the can pushes it inwards and it buckles. 



Before heating, air molecules exert 
less pressure on the container 


After heating, the molecules move 
about more and the pressure rises 



EGGS-PHagMCWG 

AIR PRESSURt 


How do you get an egg into a bottle? If you try Pushing 
!! in wi?hyour fingers, you'll scramble the egg! It s t.me 
to use the incredible power of air pressure. 


YOU WILL NEED: 

Saucepan 
Water 
One egg 
Bowl 

Glass bottle with a neck slightly smaller 
than the egg 
Matches 


10 mins 






I Ask an adult to boil an egg 
in water for at least 5 minutes. 
Cool the egg by putting it in 
a bowl of cold water for a minute. 
When it is cold enough to handle, 
peel off the shell. 


Place the egg on top 
of the bottle. No matter 
how long you leave it, 
it won’t slide into the bottle. 


3 


Ask an adult to strike 
two matches. Lift the 
egg, drop the matches 
inside the bottle, and quickly 
place the egg back on top. 


TOP TIP 

!? 9 * l , l '; ee 99 buck out, turn 

the bottle upside-down and 
Wow hard into the bottle for 

. o 'ew seconds, This will 

weose the air pressure and 
,f| e egg should pop right out, 


HOW DOES 
THIS WORK? 

When you drop the burning matches into the bottle they heal .the 
air The warming air expands and some of it flows out of the bottle. 
When the matches go out, the air cools down and the pressure 
drops The air outside the bottle now has a higher pressure, so t 
£Tes ns in, forcing the ogg inside » n does so In rc -nto 

way the candle heats the air in the glass, and some of it bubb ' e ® 
out When the candle goes out the air cools and the Pressure ckops 
The greater air pressure outside forces the water up into the glass. 






YOU WILL NEED 


UNDER 

PRESSURE 





The air in the atmosphere is always pressing against everything. 
You can't feel it, but you can see it in action in this experiment. 
When the air pressure in the glass falls, the water level rises. 


Candle 
Shallow dish 
Modelling clay 
Water 

Food colouring 
Tall glass or jar 
Matches 


I Put the candle in the dish and 
secure it in place by pressing 
modelling clay around its base. 
Then pour water into the dish 
around the candle. 



YOU WILL NEED 





SUCK IT 
TO EM 

Curkina the air out ol a seated tube towers the air 
'that force to launch a missile with a vacuum cleaner. 


Strong tape 

Two long cardboard tubes 
(from wrapping paper) 
Some old socks 
Vacuum cleaner 
Cardboard 

Scissors or craft knife 



20 mins 


I First, make your missile. Roll 
up some old socks so that 
they form a tubular shape. 
Check that they fit snugly inside 
the cardboard tube, then wrap 
them with tape. 



WARNING! 

Always have an adu/t 
present when you use your 

msstle launcher, Never point it 
ol another person, and always 

m ° thal 'here is nothing 

"■agile or valuable in the 

line of fire, 


Decora'fe 
uour /wtfjY'/e 
La.issicke.r 
S'tcclc.Lj -i>a. ck.e.c£ 
pUsTu or 


To make your missile 
^ launcher, cut one of the 
■ H cardboard tubes to about 
30 cm (12 in). Neatly cut small 
curves at one end. If you find 
this difficult, ask an adult to help. 




# t Take the other tube and cut 
^ a hole about 1 0 cm (4 in) 

\w from the end. It should be 
the same diameter as your first 
tube. Slot the two tubes together, 
with the second tube sitting on the 
curves you cut in the first tube. 


4 Seal the connection with 
tape. Insert the nozzle of 
the vacuum cleaner into the 
first tube and seal it. Turn on the 
vacuum and cover the front of your 
launcher with a bit of cardboard. 



62 





HOW DOES 
THIS WORK? 


When the vacuum cleaner sucks the air out of the tube, it lowers the air 
Pressure insTde the tube because there is less air to fill the same space 
The air pressure outside the tube is much greater, so when you let go of the 
missile the pressure of the air behind it launches it forwards. The missile 
propelled through the tube so fast that it shoots out the other end. 


Greater air 
pressure outside 
the tube pushes 
on the missile — * 


Delivered under pressure 

Some large shops, banks, offices, 
and hospitals move documents and 
cash around from room to room by 
pneumatic tube. An item is put in a 
capsule the size of a water bottle, 
which is slotted into a tube. The 
capsule is then propelled by air 
pressure to its destination. 


( Card seals 
; the front 



I Missile blocks one 
end of the tube 




„ Air is sucked from 
tube, lowering the 
pressure inside 


Prcle.c'tde. 

('S Launch e.ct 
OV't O'f 
'the. “ti/de . .... 




SCIENCE IN SECONDS 


Send water uphill 

Sucking the air out of a tube allows you to make 
a device called a siphon. Fill a jug with juice and 
place a glass on a surface lower down than the 
jug. Dip one end of a clean plastic tube in the 
juice and suck the other end. This lowers the air 
pressure and draws juice into the tube. Hold a 
finger over the end, then point the tube into the 
glass. When you take your finger off the tube 
the juice flows into the glass even though it has 
to travel uphill first. Gravity pulls the juice down, 
drawing more juice into the tube behind it. 
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SCIENCE AROUND US 


MAKE A 

SODA SHOO l 

^ImSSSSU . ™.t 


YOU WILL NEED: 

Bottles of different fizzy drinks 
Sugar-coated chewy mints 
Card or paper 
Toothpick 




M 


5 mins 




I Place a bottle on level 
ground and open it. Roll a 
sheet of card or paper into a 
tube and insert it into the neck 
of the bottle. Push a toothpick 
through the middle of the 
tube so it is held in place. 


Contrails 

You can see nucleation at work in 
the cloudy, white trails left behind by 
airliners. Known as contrails, they 
occur when particles from the engine’s 
exhaust form nucleation sites (so 
named because they provide a nucleus 
for something to gather around). The 
moisture in the air condenses and 
freezes at these sites to create clouds, 
which is what you see from the ground. 



/A 

WARNING! 

This ,s a very messy 
experiment so perform it 
utside and be prepared tc 
c, ean up the mess, Becarefi 
not to shake the bottles whil 
you’re taking them out! 


2 Make sure that the 

toothpick is resting on the 
rim of the bottle. Place at 
least four mints inside the tube 
so they sit on top of the toothpick 
and do not fall into the drink. 


d? 





HOW DOES 
THIS WORK? 

Fizzy drinks contain dissolved carbon gas, which is what 
makes them fizzy. Microscopic pits on the surfaces of the 
mints provide nucleation sites for the carbon gas bubbles 
to form much quicker than normal. So many bubbles form 
so quickly that the drink jets out of the bottle. 

No one is sure exactly why, but the ingredients 
of the drinks also seem to affect the speed 
and height of the jet. Diet drinks 
containing sugar substitutes tend 
to produce the biggest jets. 


.. Bubbles form 
around tiny pits 
on the mint’s surface 












131- AST A i WO- __ 
STAGE ROCKE1 

Space rockets are often made 
faster, and use its fuel more efficiently. 


YOU WILL NEED: 

Two long balloons 
Sticky tape 
Scissors 

Large plastic or paper cup 


20 mins 






Blasting off 

When rockets burn liquid fuel, the pressure 
of the exhaust propels the rocket forward. It 
requires huge amounts of fuel for the rocket to 
escape Earth’s gravity. The largest rocket ever 
launched, the Saturn V, stood 100 m (328 ft) 
high and weighed 3,039 tonnes. The fuel alone 
accounted for most of this weight. The fuel 
stored in all three stages combined was a 
staggering 2,540 tonnes. 


I With a pair of scissors, 
carefully cut the bottom half 
off a large plastic or paper 
cup. Discard the bottom but 
keep the top. This will be a collar 
for the two-stage rocket. 


Partially inflate a long 
balloon and pull the open 
■h end through the cup collar. 
Fold the end over the bottom of 
the collar and tape it into place 
so that the air does not escape. 


3 


Push a second balloon 
through the collar and 
inflate it so that it holds 
the first balloon closed against 
one side of the collar. Hold the 
balloon by the nozzle. 


The pressure 
O'/'The gree/i 
l>a.(Coo/\ sTops 
The. red i>aC(oo/\ 
^ro/vi def( 


0 * 






S'ta 


<ae oaz. is 


HOW DOES 
THIS WORK? 


When the rocket is released, air rushes out of the 
first balloon and propels it forwards. The air P re ssure 
inside the first balloon falls until it can’t squash the ne 
of the second balloon closed any longer. The second 
balloon sets off, propelled by the jet of air from its own 
neck. By using two stages, your balloon rocket travels 
further than it would with just one. 


4 balloon closed. Choose a site for 
the launch and let go of the rocket. 
Watch what happens to both balloons as 
the air rushes out of the first stage of your 
rocket and releases the second. 


MOMv 


UR! 


Rocket man 

Modern rockets are fuelled with liquid 
propellant. The first liquid-fuelled rocket 
was launched in 1926 by American 
physicist and inventor Robert H Goddard, 
powered by liquid oxygen and gasoline. 
Goddard also patented the first designs for 
multi-stage rockets. While his achievements 
were not recognized in his lifetime, he is 
known as the father of modern rocket 
science because his inventions paved 
the way for space flight. 







hydrauuc er 

sasfssa^r^ 

this is a branch of engineering called hydraulics. 


YOU WILL NEED: 

Plastic bottle 
Balloon 
Plastic tube 
Can 

Heavy book 
Scissors 
Funnel 
Sticky tape 
Jug 


20 mins 


I Cut the top off the bottle so 
that it is a little taller than the 
can. Then cut a hole in the 
side of the bottle, towards the 
bottom, big enough to pass 
the plastic tube through. 


2 


Insert one end of the 
plastic tube into the neck 
of the deflated balloon 
and seal it with tape so that 
the join is watertight. 


O f 

Y 

Wf 


, Push the tube through the 
, hole you made in the bottle. 
Push it from the inside out 
so the balloon is left inside the 
bottle. Tape the other end of 
the plastic tube to the funnel. 


4 Put your tin can in the 

bottle so that it sits on top 
of the balloon. Then place 
a heavy book on the bottle’s rim. 


SCIENCE AROUND US 


Mechanical muscles 

Liquids are used in machines to 
carry force through pipes. The pipes 
contain close-fitting discs called pistons, 
which use the force transmitted through 
a liquid to do work. You can see this in 
action on a building site. The arms of 
the mechanical digging machines that 
work there are powered by hydraulic 
cylinders. When the driver moves one 
of the controls a valve opens, allowing 
oil to be pumped at high pressure into 
one of these cylinders. This forces a 
piston along the cylinder. The piston 
is attached to part of the digging arm. 
When the piston moves, that part of 
the arm moves, too. 















I 


Hold up the funnel 


so it is higher than 


f the book and pour 
in some water. It will run 
through the tube, causing 
the balloon to inflate and 
expand, lifting up the can 
and book. 


Ci a/i <xac£ i>ook. 
are. U'ft'e.ct u/> 


&a((oo/\ ft' Us 
ozrtb iri arte.r 


EUREKA MOME 


Water work 

The power of water to do work was 
well known in the ancient world. The 
Greeks invented the waterwheel, a 
device that uses a flow of water to 
turn a wheel so that the rotary motion 
can grind grain or do other useful 
work. The waterwheels in this 
picture are located in Hama, Syria. 
They have pots attached to their rims 
and were designed to raise water 
from the river for people to use. This 
kind of waterwheel is called a noria. 





Beach ball elevator 

You can also use air to lift a load. Place 
a beach ball underneath one end of a plank 
of wood. Stack weights or books on top of 
the plank and then inflate the beach ball with 
a foot pump. As the beach ball inflates, 
provided it remains balanced, it will raise 
the plank and lift the heavy books with ease. 


HOW DOE 


r<; 


THIS WORK? 


Unlike air, liquid under pressure cannot 
be compressed (squeezed into a smaller 
space). This means that it can be used to 
transmit force in machines. When you pour 
water into the funnel, its weight creates 
enough pressure to force the water into 
the balloon. If you keep adding water, the 
balloon swells up and the pressure will 
be high enough to lift the heavy book. 




4 3:.v^1 
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YOU WILL NEED 


WEIGHTLIF i ING 

Cranes make lilting heavy objects « asier n 
Thorp nrp manv types of cranes, but they an reiy oi 
ropes o! mVcables looped over a wheel, makrng 
a device called a pulley. 



I Take your cotton reels and ask 
an adult to nail one to the end 
of the length of wood. Nail the 
other about a third of the way 
from the other end. 



Push the pen top into the lower 
^ reel to make a winding handle, 
\w and tape the string to the spool. 
Make a handle for the plastic cup by 
taping some string across the top. 


C * Place a heavy book 
% on top of the box so 
\wthe crane doesn’t 
topple over. Load the cup 
with weights, and lift it by 
turning the pen-top handle. 



Two cotton reels 
Two nails 
Length of wood 
Hammer 
Scissors 

Sturdy cardboard box 
Pen top 
Plastic cup 
Sticky tape 
String 
Paper clip 
Heavy book 




30 mins 


fK Cut a hole in the box 
^ and insert the wood so 
Ih it sticks out at an angle, 
It must be a tight fit so the 
wood can’t move around. 


Tb e farce appC('ec£ 
r’s a />uCC(/\<^ farce. 




SPREADING 
THE LOAD 

If you spread the weight of a load over more than one pulley, 
they multiply the force you apply. This means that you need 
less effort to lift a weight, making the load feel lighter. 


YOU WILL NEED: 

Two small blocks of wood 
Drill 

Two metal hooks 
String 

Four metal eyes 

A bag containing a weight to be lifted 



20 mins 



/ ^ Screw two eyes, evenly spaced, 
^ into the other side of the blocks. 
■h Suspend one block using a 
piece of string tied to the hook. 


I Ask an adult to drill small 
starter holes in two blocks of 
wood - one hole in the middle 
of each block and two holes 
evenly spaced on the opposite 
side. Screw a hook into the 
single holes on each block. 


Hold the second block 
% underneath the one you’ve 
\w suspended so the eyes are 
facing and thread a second piece 
of string through in a zig zag. Secure 
on the last eye with a double knot. 


4 Put the weight in a ba< 
and suspend it from 
the bottom hook. Pull 
down on the string to lift the 
weight. It feels lighter than if 
you were to pick it up in the 
usual way. 


Four'th eye 
anchors 'the. 
rtr('Ao\ (A pCa 


HOW DOES 
THIS WORK? 


A single pulley makes lifting easier by 
changing the direction of the force 
required. Turning the lower reel of your 
crane applies a pulling force to the 
string. The string loops over the top reel 
and lifts the load vertically. When you 
use more than one pulley, the weight 
of the load is shared between them. This 
means you need to apply less force to 
lift the load. This is called mechanical 
advantage. The first three metal eyes in 
the experiment above are working like 
pulleys, changing the direction of the 
force and spreading the load. 


Only an 800-g (28-oz) force 
is needed to lift the weight , 


2.4-kg 
(85-oz) weight 







lummmuujff 


W/M/JIlUillltll 


; Wng s happen he, 

including root i form in 

veitionsareb ^ W() mol , on , 

V^lJ to electricity. 






COflV cufeT£ 

The density of a liquid chan th^ IToUiquVd^ise s to the 
C and “Squid Sto .0 the 'bottom. This is Known as 
a convection current. 


✓ ' 


YOU WILL NEED: 

Coffee cup 

Large glass jar or jug 

Water 

Food colouring 
Clingfilm 

Sharp knife or skewer 


20 mins 


I Heat some water until 
it is hot but not boiling. 
Pour the water into a cup, 
adding a few drops of food 
colouring. Cover the cup 
with clingfilm and secure it 
in place with a rubber band. 


2 


Carefully place the 
cup at the bottom of 
a large glass jar or jug. 
Slowly fill the jar with cold 
tap water, being careful not 
to dislodge the plastic film 
over the cup. 


'i 

w 


Ask an adult to 
pierce the plastic 
film with the tip of a 
sharp knife or a skewer. 
Take the knife out and 
watch what happens. 



jM The hot coloured 
fL water rises in a plume 
■ through the cold water 
and collects at the top of the jar. 
After a while, the coloured water 
will start to cool down and sink 
towards the bottom of the jar. 




HOW DOES 
THIS WORK? 

When part ol a substance is healed, the motecules begin to v.brate 
more violently. They knock against the molecules next to them, 
passing the heat energy on. Heat also moves through hquids and 
gases via convection. When part of a liquid or gas is heated, i 
expands and becomes less dense. This makes it rise. Cooler liquid 
or gas falls to take its place. This cycle of rising and falling is known 
as a convection current. Very hot objects radiate then- heat as 
electromaqnetic waves. The Sun radiates heat to Earth through 
empty spare, but fires and radiators also pass on their heat this way. 
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SET UP A 

SOLAR OVEN 


YOU WILL NEED: 


Warmth radiated by the Sun crosses ISO million km (93 million miles) 
of space to reach Earth. It makes a summer’s day bright and warm, 
and it is intense enough to heat food in a solar oven. 


Pizza box 
Aluminium foil 
Black paper or paint 
Clingfilm 

Food (do not use raw meat) 

Plate 

String 

Two brass fasteners 




I Cover the inside of a pizza box’s 
lid with aluminium foil. Then line the 
base of the box with black paper, 
or paint it with matte black paint. 
Matte black absorbs the heat better. 


20 mins 


2 


Put your food on a plate 
and place it inside the base 
of the box. You could try a 
slice of pizza or a hotdog, but 
don’t use any raw meat in case it 
doesn’t cook all the way through. 
Cover the base with clingfilm. 


TOP TIP 


Placing your food on a matte 

Wack metal plate rtspee ;; 

he cooking process, as the hem 

»s radiated onto the plate 

and passed to the food 
by conduction, 




\ ^ 




h 


vr 

• >,>- 

* 
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f tlf 


lijp 


v. ■ 
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M . 



Position the box so that it faces 
^ the Sun. Adjust the lid to reflect 
\w the most light ojnto the food. Fix 
the lid at this angle using a brass paper 
fastener linked by string to a second 
fastener in the base of the box. 



MOVE METAL _ 
THROUGH ICE 


YOU WILL NEED: 

Thin metal wire 
Bottle 

Two heavy weights 
Ice cube 
A cold day 


20 mins 





Water molecules in a frozen 
state form a lattice structure 


The surface of ice is constantly 
melting and refreezing. When salt 
(or another substance) is added, the 
water molecules that have melted 
have to spread out to make space 
for it, so they can’t refreeze as 
quickly. There is more melting than 
freezing happening, and so the ice 
melts more quickly. To change from 
solid to liquid, energy is needed. 
This energy is taken from the 
orange juice, cooling it down. 


I On a cold day - the 
colder the better - take 
everything outside. 
Place the ice cube 
on top of the bottle. 


HOW DOE 


r<; 


THIS WORK? 


Unlike other substances, when 
water freezes, it expands. The 
molecules arrange themselves in a 
pattern which takes up more space. 
If enough pressure is applied to 
force that space to shrink, the 
pattern is broken down and the ice 
turns back to water. The thin wire 
puts pressure on the ice immediately 
below it. This melts the ice, but it 
then refreezes after the pressure 
has been removed. 


Water molecules in 
a liquid state 


3 


The wire moves down 
through the ice without 
cutting it in two. The 
pressure of the wire melts 
the ice directly underneath it, 
but after the wire has passed 
through, the ice refreezes. 


2 


Tie each end 
of the wire to a 
heavy weight and 
balance the wire on top 


of the ice cube. 


TOP TIP 

It is best to carry out t 

experiment on a freezing 
<%. If the weather is too , 

toe ice cube may melt enl 
before the wire has finish 
Passing through it, 



TV 




CHILL OUT! 


YOU WILL NEED: 


* ‘i » n 

Adding an impurity to ice lowers its freezing point. Sea water doesn't 
freeze until it is much colder than freshwater, because it contains 
salt. You can use this effect to make an ice-cold tasty treat. 


Jug of orange juice or other drink 
Crushed ice 

Four tablespoons of table salt 
Two resealable bags, one bigger 
than the other 
Pair of gloves 




I Pour the orange juice into 
the smaller of your two bags. 
Make sure that there is no air 
in the bag, then seal it carefully. 


Put the sealed smaller 
bag inside the larger bag. 
It should fit comfortably 
with lots of room to spare. 



1 

w 


Add crushed ice to the 
larger bag so it completely 
surrounds the smaller bag. 
Then sprinkle salt onto the ice. 
Squeeze the air out and seal 


the bigger bag. 


4 Put on some gloves to 
protect your hands from 
the cold, and then get 
squishing! Move the mixture 
about as much as you can, but 
be careful not to burst the bags. 


SCIENCE AROUND US 


Salting roads 



In countries that are normally 
free of ice and snow, a cold snap 
can cause havoc on the roads as 
vehicles skid on the ice. The roads 
are made safer by spreading salt on 
them. The salt lowers the freezing 
point of the ice so that it melts. 




20 mins 


After 1 0 minutes, open the 


> big bag and remove the 


smaller one. The fruit juice 
will have turned to sorbet. Put it 
in a bowl or glass and enjoy! 


/ 

r 


TOP TIP 









*i a * 
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* 0r o tastier treat, swpptan 


pouri "<l it into the bag. 


I Jr« 


/i 
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77 

* \ . 




3 




FULL 


STEAM . 
AHEAD! 


. t i cnn timps more space than water. When it is 
Steam takes up about 1.60C I times more sp ^ ^ things move , 

stel boa. and see the notion in motion! 


YOU WILL NEED: 

Orange juice carton 

Paints and paintbrush 

Soft metal tubing, 3 mm (0.1 in) wide 

Big marker pen 

Small candle 

Double-sided tape 

Water 

Jug 

2 hours 






I Draw a boat shape onto the 
orange juice carton and ask 
an adult to help you cut it 
out. This will be the body of 
your steamboat. 


C * Fill the metal tube with 
% water. You can do this by 
\w placing one end of the 
tube in water and sucking 
through the other, or by using 
a jug to drop water into the 
tube as you hold the boat 
vertically. Once the tube is full, 
hold your fingers over the ends 
to stop the water leaking out. 








Paint and decorate your boat 
^ and let it dry. Punch two holes 
m m in the rear end of the boat, big 
enough for the tubing to fit through. 






Gently bend the tubing twice around a 
^ marker pen to create a coil. Bend the rest 
\w of the tubing so it sits up with space for 
a small candle beneath the coil. The ends must 
be wide enough apart to fit through the holes. 



a small box and the lid of a bottle of 


laundry detergent to the boat. 
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Steam turbine 

The majority of the world’s electricity 
is generated from steam. The steam is 
produced by burning fuel, or using a 
nuclear reactor, to boil water. A jet of 
steam turns a wheel with blades or 
cups around the edge to catch the 
steam better. This type of wheel is 
called a turbine. The turbine drives a 
generator, which changes the rotary 
motion into electricity. 


HOW DOES 
THIS WORK? 


aSTS-nt then heats the water again. The cycle continues and the 
boat moves along in a series of pulses. 


Water inside the tube is 
heated by the candle 


Steam jets out of the tube, 
pushing the boat forwards 


■ ■■ 


Steam machine 

The first practical steam engine was built in 1712 
by Thomas Newcomen (1664-1729). He built it to 
pump water out of mines, where flooding was a 
problem. His first engine (below) was installed at a 
coal mine in Staffordshire, England. Other engineers, 
notably Scottish inventor James Watt (1736-1819), 
improved on Newcomen’s design. The use of steam 
engines to power machines led to a huge increase in 
the numbers of factories built in Britain in the 1800s, 
a time known as the Industrial Revolution. 


Place the boat in water, 

% the ends of the tube below 
w the surface. Secure a small 
candle under the coil with some 
double-sided tape and ask an 
adult to light it. After a little while, 









< 


I 
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SPLIT A 

SUNBEAM 


Sunlight appears white but it contains all the colours 
o? the rainbow. By splitting up a ray of sunlight, yo 
can prove it. All you need is a glass ot water. 


YOU WILL NEED: 

Piece of card 
Scissors 

Straight-sided glass filled with water 

Sticky tape 

White paper 

Sunny day (ora torch) 




10 mins 


I 


Take the sheet of card 
and carefully cut a vertical 
slit. Try and make the slit as 
narrow as possible. 






2 


Tape the card to the glass 
of water and stand the 
whole thing on a sheet of 
paper in front of your light 
source. This could be a torch 
beam or a window with bright 
sunlight streaming through 


Rainbow in reverse 

Divide a circle of white card into seven equal sections. 
Colour the sections in the shades of a rainbow - red, 
orange, yellow, green, blue, indigo, and violet. Make a 
hole in the middle of the circle and push a pencil through 
it. Now stand the pencil on its point and give it a spin. 

The colours merge together and look almost white. f 


z 

0 \ 
■ ■■ 


z 
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The light shines through 
the slit in the card and 
onto the glass of water, 
which splits the light into the 
colours it contains. 



r 


t 








f i 


HOSEPIPE 

RAINBOW 

When it rains, you might be lucky enough to see a rainbow curving 
across the sky. Make your own rainbow on a sunny day with some 
artificial rain from a hosepipe and a lot of practice! 


YOU WILL NEED: 


Hosepipe 
Sunny day 
Dark background 



\ r 

<t A 
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* < Jf* - 
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J his e *PW'ment works I 

when the Sun is low in the 
« can be tricky to catch th, 

the right angle so keep t, 
with ^ at '! nCe requi>ed will 

worth it when you see a roir 
Wear in your back garde 


I Get a fine mist coming out of the 
hosepipe. If your hosepipe doesn’t 
have a spray nozzle, try putting your 
thumb over the end instead. 


i 



Position yourself in front 
^ of a dark surface with your 
mm back to the Sun. With 
some luck and a bit of practice, 
you will see a rainbow appear 
in the mist. 


HOW DOES 
THIS WORK? 

Light is a form of energy. Like radio waves, 
microwaves, and ultraviolet waves, it is a type 
of electromagnetic radiation - although light is 
the only one visible to the human eye. Like all 
electromagnetic energy, light travels as waves. 
Different colours are produced by light waves 
of different lengths. Red light has the longest 
wavelength, and violet has the shortest. 



Wavelength of red light 


^AA/WVWWW 

Wavelength of violet light 

White light is not a single wavelength; it is made 
up of all the colours of the rainbow. A glass of 
water refracts (bends) light that passes through 
it. Each colour bends a slightly different amount, 
and so the colours separate and you can see them 
on the piece of paper. The water droplets in rain or 
the spray from a hosepipe bend light and separate 
the colours in the same way, producing a rainbow. 


! Dispersed light bounces 
* off the back of the droplet 



leaves the raindrop 

Water droplet 
splitting white light 



r'* 






^SPECTROSCOPE 

Everything is made of light and 


YOU WILL NEED: 

Cardboard toilet-roll tube 
Sturdy cardboard 

Recordable CD (one you don’t need 
any more!) 

Packing tape 
Black paper 
Scissors 
Glue 


20 mins 


I Take your toilet-roll tube and 
line the inside of it with black 
paper. This reduces reflection 
inside the tube and makes the 
spectrum stand out better. 


/ \ Strip all the coating off the 
recordable CD using packing 
tape. Just press the tape 
down firmly and rip it off. The shiny 
coating should come right off. 


4 Take two small pieces of 
card that together cover the 
rectangular opening. Place 
them over the hole and line them 
up very carefully so there’s only 
a tiny gap between them. 

Then stick them down. 


TOP 


TIP 




^ e apeituteloP^'"- isWe 

andperte e \o* OT ^ e !’ 
^ C ' t0 fcule 


r * Attach the CD to the other end 
^ of the tube with strong glue, or 
\w secure it with sticky tape. Attach 
it off-centre so you avoid the hole in the 
middle and get a clear view through 
your spectroscope. 
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WARNING! 

Wh hnM?, USeyOUrSpeCtrOS “Pe, 

hold ,1 close to your eye and 
holT 0thereye wi,h yo^ 

hand, Don t look directly 0 f 
bright lights, Never use your 

spectroscope to look at the Sun, 


Use. 'the. re.s't 
O'f'tbe. CD as 
a ba/\c£Ce . — 
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Cut out a circle of card, 
a little bit bigger than the 
tube’s diameter. Cut out a 
rectangle in the middle. Stick it 
on the end of the tube with tape. 







HOW DOES 
THIS WORK? 

Your CD spectroscope splits light into the colours that make it up 
a bit like raindrops in the air do when they make a rainbow. The clear 
CD acts as a diffraction grating - a tool that bends light as it passes 
through. The shorter the wavelength, the more the light t » bent, so e 
snectroscope produces a rainbow of colours from red to violet. White 
light is a mixture of all wavelengths, so it produces a continuousband 
of colours when viewed through the spectroscope. Try looking at 
different light sources to see what patterns they make. 


The science of spectra 

Spectroscopy is a useful tool for scientists. 

When hot gases are observed through a powerful 
spectroscope, lines of colour can sometimes be 
seen, rather than continuous bands. The atoms of 
different elements have their own patterns, so these 
lines tell scientists which elements are present in 
the gas. Carbon and mercury give the patterns 
below. Hot gases are found near stars, so scientists 
can use spectroscopy to investigate the chemicals 
found in objects trillions of kilometres away, as well 
as in their own laboratories. 



Emission spectrum of carbon 


Holding it quite close to your 
eye, point the spectroscope 
at a light source. You will 
see a spectrum - a coloured 
line - appear on the CD. 




TAe. 

ft Ca.m.A't (ASt'c/e. 
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Emission spectrum of mercury 


Probing the Universe 

The patterns of colour (called spectra) produced by 
matter do not only depend on the types of atom present: 
temperature, motion, pressure, and magnetic fields all 
affect the spectra too. This means that astronomers can 
use spectroscopy to find out all sorts of things about 
objects in space. In the Orion Nebula (below), new stars 
and planets are being born, and spectroscopy has helped 
astronomers to study these processes, and has revealed the 
presence of water, alcohol, and many other substances there. 


v 
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YOU WILL NEED: 



GLOVHN-THE- 
DARK JkLLY 

sssES 


Jelly 

Tonic water 
Sugar 
Microwave 
UV light 


20 mins 


UV lights are some! 

Known as black lights, 

buy them from some he 

and security shops, c 

online retailers, 




I Following the instructions on 
the packet of jelly, put some 
jelly and tonic water into a 
measuring jug. Heat the mixture 
in a microwave or on the hob, 
according to the instructions. 


2 Stir the mixture so the 

jelly is mixed with the water. 
Add some more tonic water. 
If you want your jelly to taste nice, 
add some sugar at this point - 
tonic water tastes very bitter. 
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Pour the mixture into a bowl 
or a jelly mould and place in 
the refrigerator to set. This 
might take a bit of time. 




SCIENCE IN SECONDS 


GLOWING 

PLANTS 

Chlorophyll is the substance that makes many 
plants green, and its job is to capture sunlight. It 
does this so that the plant can grow, but you can 
make it glow instead. 


WARNING! 

Rubbing alcohol, also known 
«surg,cal spirit, contains a high 
"f'° n0,pUreato 0Ulis 

used as an antiseptic, but it is 

toxic so you must never drink it 
« is also highly flammable. Use it 
on ly in a well-ventilated area and 

oo not inbale the fumes 


YOU WILL NEED: 

Spinach or other leafy green vegetable 

Pestle and mortar 

Coffee filter paper or fine strainer 

Rubbing alcohol 

Glass 

UV light 


20 mins 


I Mash up some spinach or 
other leafy green vegetable 
with a pestle and mortar. Add 
a little alcohol. This strips the 
chlorophyll out of the leaves. 
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Pour the green liquid into a 
glass through a coffee filter 
or a fine strainer to remove 
the lumps. The green liquid you 
are left with contains chlorophyll. 



Bright bananas 

When living cells in plants die, the chlorophyll 
that they contain breaks down to form other 
chemicals, some of which are fluorescent. If you 
look at an over-ripe banana under ultraviolet light, 
you will see little glowing rings around the black 
spots on its skin, showing that fluorescent 
chemicals are forming there. 



Turn out the lights 
K and put the liquid 
\w under a UV light. 
The green shows up 
bright red as the 
chlorophyll fluoresces. 


HOW DOES 
THIS WORK? 


Visible 

light 


Electromagnetic spectrum 




Gamma rays 


X-rays 


UV rays 


Infrared rays Microwaves 


Radio waves 


I 
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UP, PERISCOPE! 

heid°at the^orre^Va^ ligh^so^harit Trawls 

h ;l a d corners See .or yoursel. b, making = per, scope. 


YOU WILL NEED: 

Two juice or milk cartons 

Scissors 

Sticky tape 

Protractor 

Pencil 

Two plastic craft mirrors 
Paint or paper to decorate 



30 mins 






I Cut the tops off both of the juice 
cartons. Rinse out the cartons well 
and let them dry. Tape the open 
ends of the two cartons together 
to make one long, narrow box. 


HOW DOES 
THIS WORK? 

We see objects that do not produce 
their own light because light is reflected 
off them. Smooth, shiny objects reflect more 
light than rough, dark objects. Mirrors reflect 
almost all of the light that falls on them. They 
bounce the light back in only one direction, 
rather than scattering it in many directions, 
forming a reversed image of whatever is in 
front of them. A periscope uses mirrors to 
bounce light from an object off one mirror 
onto another and into your eyes. 


. Light enters here 


The lower 
mirror shows 
the view 


The first mirror 
bounces the 
light onto the 
second mirror 


Inside a 
periscope 


Cut a square opening at one 
^ end of the box. Then cut a second 
Ih square, the same size as the first, 
but on the other side of the box and at 
the opposite end. 




Plastic craft mirrors are avail 

slT a,,andmdel -^ 
suppliers as well as online, Tl 

can easily be cut with shari 
scissors or a craft knife, Ask i 

adult to cut them slightly widi 
man your cartons, 


fK Lie the box on its side. Use a protractor 
^ to mark a 45° angle at each end of the 
\w box, sloping away from the openings. 
Draw lines at this angle the same length as your 
mirrors. Turn over the box and repeat. Ask an 
adult to help you to cut along the lines. 


4 Slide your 

mirrors into the 
slots, with the shiny 
side of the top mirror 
facing downwards and the 
shiny side of the bottom 
mirror facing upwards. 
Push the mirrors all the 
way in till they reach the 
slots at the other side. 




Liah't en'ters 
arc 'the 'top ofl 
'the. part's cope. 


r * Decorate your 
% periscope. Wrapping 
\w it in paper will make 
it easier to paint, and also 
help to keep the mirrors in 
place. Use your homemade 
periscope to see round 
corners and over walls 
by looking through the 
hole at the bottom. 
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Mystery reflection 

Stand two small, flat mirrors at right 
angles to each other and place a small 
object directly in front of them. How 
many reflections can you see? There will 
be a reflection in each of the mirrors. 
That’s two reflections, but you can see 
three. Each of the reflections is itself 
reflected by the other mirror, but the 
two extra reflections form in exactly the 
same position, meaning that you only 
see one more reflection - a total of three. 



One o'bj.e.c't 
produces 'three 
reflections in 'ti^o 
mirrors S'tanctina 


a't, 


i^h't an^Ces 
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Over the top 

In a crowd, periscopes can be very useful. Brightly coloured 
periscopes can often be seen at races, golf tournaments, 
and other events, as spectators at the back use them to see 
over the heads of the people in front. Military submarines use 
retractable periscopes, allowing the crew to see above the 
waves while the vessel stays safely submerged. 



K', 







WARNING! 

Ne w, ever look at the Sun 
or bright lights, either through a 

s °r with the naked eye, This 
o»n cause blindness or other 
Permanent damage to 
your sight, 


YOU WILL NEED: 

Two magnifying glasses, one stronger 
than the other 
Ruler or measuring tape 
Two sheets of card 
Sticky tape 


20 mins 


4 Stick the eyepiece to one 
end of the narrower tube 
with tape. Stick the object 
lens to one end of the other tube. 


"“■■fflscw. 


m usually travets in straight «nes. but whenjt travels from^ne 
ransparent substance to th make dis(an , things 

wi, h . W sD,Y»elescope. 


I Check which lens is stronger 
by looking at some printed text 
through each one in turn to see 
which one magnifies it the most. The 
stronger of the two lenses will be your 
telescope’s eyepiece lens. The weaker 
one is called the object lens. 


Hold up the two lenses, with the object 
^ lens further away than the eyepiece. 
■h Look through both lenses at something 
in the distance. Move the object lens back 
and forth until you see a sharp, upside-down 
image. Ask someone to measure the distance 
between the two lenses. 


Make two tubes by 
^ rolling up two sheets 
\w of card and securing 
them with tape. One tube 
must be slightly narrower 
than the other so that it fits 
snugly inside. The combined 
length of both tubes should 
be a little longer than the 
distance you measured 
in step 2. 


<M h 
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Eye in the sky 

Very large lenses are difficult to manufacture, so powerful 
telescopes use curved mirrors to focus light instead. Light bends 
as it passes through Earth’s atmosphere, so telescopes are 
situated as high up as possible - some are even launched into 
space. The Hubble Space Telescope has been in orbit since 
1990, sending thousands of breathtaking images down to Earth. 
This one shows a dying star in the constellation of Puppis. 


Q 
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Now slide the tubes inside 
each other with a lens 
each end. Hold the 
eyepiece to your eye and slide 
the object lens back and forth 
until you see a sharp image. 


Trick of the light 

A pencil half-submerged in a 
glass of water seems to bend 
at the point where it enters 
the water. The light travelling 
from the pencil to your eyes is 
refracted as it passes from 
the water into the air. 


HOW DOES 
THIS WORK? 

When light travels at an angle from one transparent 
substance into another of a different density, it 
changes direction slightly. The lens in a magnifying 
glass is made of transparent plastic or glass and is 
specially shaped to bend the light towards its thicker 
part. This focuses the light and makes an object 
viewed through it appear closer, because the light 
rays appear to have come from a nearer point. In your 
telescope, the object lens collects light from a distant 
object and brings that light to a focus. The eyepiece 
lens then magnifies the image. 


. Object lens 


Light is bent into 
a point by the 
object lens 


Light enters 
the telescope 


Eyepiece lens j 
magnifies the image : 
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Eye spy 

The human eye works in a 
similar way to a camera. Light 
enters through the pupil and 
passes through a lens, which 
focuses the light onto the 
retina, a light-sensitive layer 
at the back of the eye. Cells 
in the retina then send signals 
to the brain, which interprets 
them as an image. 


Cut a sheet of tracing 
paper down to size 
and tape it over the 
opening of the box. It should 
be stretched taut, with 
no wrinkles. 


SCIENCE AROUND US 
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Wrap the box in coloured 
paper (without covering up 
the openings) and secure 
with tape. Tape a magnifying glass 
to the end of the cardboard tube 
and slide the tube into the hole 
you made in the box. It should 
move easily in and out. 


CARDBOARD 

CAMbRA 

Did you know that camer “ d XUm U - with a pinhole oXnsV one side 
invented? A bo* - or ro om^ opp( £ tc , This typc 0 I device is 

calle^acamera^obscura (“darkened room”) and you can make your own 
from a cardboard box. 


YOU WILL NEED: 

Empty cube-shaped tissue box 
Cardboard toilet-roll tube 
Small magnifying glass 
Sheet of tracing paper 
Paper to decorate 
Scissors 
Sticky tape 


(D^ 


30 mins 


I Take an empty tissue box. 

On the opposite side to the 
opening, hold the cardboard 
tube and draw around it in a 
circle. Push a pencil through the 
middle of the circle to make a 
hole and then carefully cut out 
the circle with scissors. 


TOP TIP 

Making a camera obscuro 

a pinhole is possible, but more 

difficult than using a lens. For 


with 


0 Sharp image you need 0 irerv 

wall hole, But the smaller the* 

hofe the less light can enter 

and the darker the 
,m age will be, 
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HOW DOES 
THIS WORK? 


When light from a bright object or 
scene enters a darkened room or 
a box through a pinhole, it projects 
an image of the world outside. 

The pinhole focuses the light onto 
the screen. Light rays cross as they 
go through the pinhole, meaning 
that the image ends up back to 
front and upside down. Using a 
magnifying glass lens means that 
you can have a bigger hole and so 
a brighter image. The lens bends 
the light towards its thickest part, 
focusing the light and forming the 
image you see. 


,, Light rays from the top 



bottom of the object 
form the top of the 
image on the screen 


4 



bright object and move the 
lens in and out until you see 
a sharp image appear on the 
screen. It will be back to front 
and upside down. 



m 
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Camera obscura 

Camera obscuras were used centuries 
ago by Chinese, Greek, and Arabian 
civilizations to project images onto a 
wall or screen. But it was not until the 
19th century that techniques were 
invented to record the image and make 
a photograph. The earliest photograph 
still in existence was taken by French 
inventor Joseph Niepce in 1826 or 
1827 using a light-sensitive piece of 
pewter and a camera obscura. The 
pewter had to be exposed to light 
from the pinhole for eight hours to 
make the picture below. 
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MATCHBOX vii . 
MICROPHONt 

Sound is caused by vibration. Microphone |M 


YOU WILL NEED: 

Three 2-mm-wide pencil leads for 
a mechanical pencil 
Pencil 
Scissors 
Matchbox 
4,5-volt battery 

Pair of headphones or earphones 
Three lengths of electrical wire, each 
about 10 cm (4 in) long 
Crocodile clips 


TOP TIP 

It vout headphones are stereo, 

lh acItpluqaUheendoUhewire 

has three contacts. Connec he 

wires trom your matchbox 

microphone and ba " e ^ .°^ re 

lonqest contact closest to the wire 

9 and either one ol the other 

two contacts, 




15 mins 


I Use a pencil or other sharp 
point to make two holes in 
the end of the matchbox tray. 
The holes should be side by side 
about 1 cm (0.4 in) apart. Make 
two more holes in the opposite 
end of the tray. 



Snap two pencil leads 
so that they are each 
about 1 cm (0.4 in) longer 
than the matchbox tray. Roughen 
the top surface of the leads by 
scraping them with a pair of 
scissors. Push the leads through 
the holes in the matchbox with 
the roughened sides on top. 



'i 
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Whale song 

Sound travels through different materials 
at different speeds. Its speed in air depends 
on the temperature. In warm air, the speed 
of sound is about 1 ,230 kph (764 mph). 

In water, it travels four times faster. Sound 
travels such long distances in water that 
whales - which communicate by low-pitched 
moaning noises - can hear each other 
“singing” hundreds or even thousands of 
kilometres away. 


I Snap off a third pencil lead 
i so that it is shorter than the 
' width of the matchbox. 
Roughen this lead by scraping 
the surface. Lay it across the top 
of the other two leads with the 
roughened surfaces touching. 
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Speed of sound 

Sound travels much more slowly than 
light, which is why in a storm you see 
lightning before you hear the rumble of 
thunder. Put some talcum powder in a 
balloon then inflate it. Ask a friend to 
walk a good distance away and then 
burst the balloon. When the balloon 
pops, you will see a puff of talc before 
you hear the noise. 


HOW DOES 
THIS WORK? 


Direction of sound wave 


Sound wave 


When something vibrates, it pushes against the air many times 
every second. This produces a series of high-pressure pulses called 
compressions, separated by low-pressure regions called rarefactions. 
When these pulses hit something, they make it vibrate in turn. 
Speaking into the matchbox makes the pencil leads vibrate. This 
varies the electric current flowing through them. The earphones 
then change these current variations back into sound. 


4 Take three lengths of wire 
and ask an adult to strip the 
insulation off all of the ends. 
Using crocodile clips, connect 
one wire between one lead and 
the battery, another between the 
battery and the jack plug of your 
earphones, and the last between 
the jack plug and the other lead. 


f?ar£te.rcj provides 
e.Cz.c'tn'c cvrre./vt 


keeping it horizontal - speak into 
it or tap it. You should be able to 
hear the sound through one of 
the earphones. 


, erarpho/ses 
coAve.r't 
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i>aclc fa'to soi/acC 









TAP OUT 

A lUNIi 

Different frequency soimd wavesmakeditf^eren^sounds^A 9 ^ c( 
sound wave makes the pitch of the 


YOU WILL NEED: 

Eight identical bottles 
Water 

Food colouring (optional) 

Spoon 


10 mins 
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Fill the bottles 
with different 
amounts of 
coloured water. Now 
each one will make a 
different sound when 
you strike it. 




re.ctirce.s -Z%e 
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HOW DOES 
THIS WORK? 


Objects that vibrate slowly produce low-frequency 
sound waves. This means there are fewer compressions 
per second, so they are said to have long wavelengths. 
We hear these sounds as low-pitched. Objects that 
vibrate more quickly produce sound waves with a higher 
frequency - more compressions per second and a short 
wavelength. We hear these sounds as high-pitched. 


Short wavelength - 
compressions are 
closer together , 


Long wavelength - 
distance between the 
compressions is greater , 




Low-frequency sound wave High-frequency sound wave 

The more massive the object, the more slowly it vibrates 
and the lower the frequency of the sound. A bottle with 
more water in it has more mass, so the sound it makes is 
lower pitched than a bottle containing less water. 
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A shattering experience 

The frequency at which an object naturally vibrates is called 
its resonant frequency. If you strike an object it will resonate 
(vibrate at its resonant frequency). An object will also resonate 
if it is exposed to sound at its resonant frequency. When a 
delicate object like a wine glass is exposed to very loud sound 
at its resonant frequency the vibration can become so powerful 
that the object shatters. 
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Adjust the 
K amount of 
\w water in the 
bottles until they 
make harmonious 
(pleasant) sounds 
when struck at the 
same time. Now you 
can play a tune! 


TOP TIP 


you blow across the top of the 

effect ^ lns,ead °* ,app i n 9 them, the 
effect is reversed. The bottle with »,» 

most water will now have ih^most 6 

^■pitched sound. Blowing vibrates 

hntii < " nn J ,he bo,,le ’ ralher than the 

bottle and the water. The bottle with 

the most water has the least air 
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Table amplifier 

Strike a tuning fork and listen to the 
sound it makes. Notice how slowly it 
dies away. Now strike the fork again, 
but this time touch its base to a wooden 
table. The vibrating fork makes the table 
vibrate so the sound comes from a larger 
area. The energy from the vibrations is 
transferred to sound waves more rapidly, 
so the sound is louder but it also dies 
away more quickly. 



. 


4 


* * 








95 




sn ciNnoiiv aoN-no<> 






The modern worn 
and magnetism, 
^computers and! 

'Without them. 
us ed tor many 

meteorites and 
down treasure. 



CHARM A 

PAPER SNAKl 

Everything in the world is made 0< ^JcUic charges can 


YOU WILL NEED: 

Tissue paper 
Scissors 
Foil dish 
Pen 

10 mins 



I Draw a spiral-shaped snake on 
a sheet of tissue paper and then 
cut it out. Place it on a foil dish 
and bend the head slightly 
upwards. Take a pen and rub it 
vigorously on a woollen surface, 
such as a jumper or a carpet. This 
gives the pen a static charge. 





QjdyJx/ 'Z%e 
/>e/i qtVes rt a. 
/ r \e.^A'f(Ve. charge. 


HOW DOES 
THIS WORK? 


Inside an atom, negatively charged electrons 
are held in orbit around a positively charged 
nucleus. When objects touch, electrons 
sometimes jump between them. An object 
that has gained electrons is left with a 
negative charge, while an object stripped 
of electrons is positively charged. 

The nucleus of an atom 
has a positive charge,... 


! Negatively charged 
electrons orbit 
the nucleus 

Objects with a charge will try and gain 
or lose electrons in order to become 
neutral again. They will attract other 
objects, like the snake. If the attraction 
is strong enough, a tiny flash can be 
seen when the electricity discharges. 
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Hold the pen over the 
snake’s head. The paper is 
so light that the static 
charge in the pen should be 
enough to make the snake rise 
up as if it has been charmed. 



Tc’ssue. SSia-lce. r'S 




TINY LIGHTNING 

Lightning is one of nature’s most spectacular shows, and it is caused 
by static electricity. You can create a miniature version at home by 
making an electric charge jump through the air to your body. Don t 
worry - unlike the real thing, this light show is perfectly safe. 


YOU WILL NEED: 

Foil dish 

Polystyrene tray 
Scissors 
Sticky tape 

10 mins 




I Cut the corner off a 
polystyrene tray and tape 
it to the middle of a foil dish. 
This creates a handle so that 
you can move the dish without 
letting the charge escape. 


Take the rest of the 
polystyrene tray and 
rub it on your hair to give 
it a static charge. Then put it 
upside down on a flat surface. 
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Being careful not to touch 
anything but the handle, 
pick up the foil dish and 
put it down on top of the 
polystyrene sheet. 



IN 
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Super static 

A flash of lightning in the sky is a powerful 
demonstration of static charges attracting and 
repelling each other. As a thundercloud grows, 
the base of the cloud becomes negatively charged 
with static electricity. This strong negative charge 
creates a positive charge in the ground below the 
cloud. If the attraction between the negative and 
positive charges is strong enough, a giant spark 
jumps between them, producing a lightning bolt 
that is hotter than the surface of the Sun. 





“I® CHARGF 

When you rub a balloon or a piece of plastic to charge 
TSU static electricity, how do you ^know that s 
charged? Static electricity is invisible, but a 
called an electroscope can show you it is the . 



I Cut a strip of thin metal foil 
from a biscuit wrapper, about 
1 cm (0.4 in) wide and 6 cm 
(2.4 in) long. The thinner the foil 
is, the better. Kitchen foil is too 
thick and won’t work. 



Take a clean, empty glass 
jar and unscrew the lid. Ask 
an adult to drill a hole in the 
lid just big enough for the coat 
hanger wire to pass through. 
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Ask an adult to cut about 
8-10 cm (3-4 in) of wire 
from the coat hanger. Bend 
the end of the piece of wire into 
an L shape. Fold your strip of foil 
in two and hang it on the end of 
the wire. Use a tiny spot of glue 
to hold the foil in place. 


■-<> 


HOW DO IE! 

THIS WORK? 

Your electroscope works because the foil and wire 
are conductors - materials with electrons that can 
easily move from atom to atom. When you rub the 
plastic pen and cloth together, the pen gains a 
negative charge. Moving the pen close to the tin foil 
ball repels electrons in it, because electrons have a 
negative charge and like charges repel one another 
They move down the wire to the foil leaves. The ball 
ends up with a positive charge and the leaves both 
become negatively charged and repel each other 
When you take the pen away the electrons spread 
out evenly again and the leaves come together again. 



Electrons leave the 
foil ball, giving it a 
positive charge 


Electrons move 
down the wire 


The negatively 
charged leaves push 
each other apart 


YOU WILL NEED: 

Thin metal foil from a biscuit wrapper 

Glass jar with lid 

Wire coat hanger 

Wire cutters 

Scissors 

Drill 

Glue 

Sticky tape 

Pen 

Cloth 




15 mins 




4 Feed the other end of the 
wire through the hole in 
the lid and screw the lid 
onto the jar. Pull the wire through 
the lid far enough so that the foil 
is not touching the bottom of the 
glass. If the wire does not fit 
snugly in the hole, use a spot 
of glue to keep it in place. 



ifc a 
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Roll the rest of the foil from 
the biscuit wrapper into a ball 
and push it onto the wire that 
is sticking through the lid. 













0 \ Hold a plastic pen near 
the tinfoil ball. Nothing 
happens. Now rub the pen 
hard on a cloth and try again. 
The foil leaves inside the jar fly 
apart, indicating a static charge. 


Tape. 'the. Ucl 
oa 'to crea't e a 


'tfah't se.a( 


Bending water 

Charge a plastic comb by running it 
through dry hair several times. Turn on 
a tap so that a narrow stream of water 
is flowing. Bring the teeth of the 
charged comb up to the water. You will 
see the water bend towards the comb. 
Water molecules have a positive end 
and a negative end. The negatively 
charged comb attracts the positive 
ends of the water molecules. 


Amber 

The words “electricity” and “electron” 
both come from the Greek word for 
amber: elektron. Amber - fossilized tree 
resin - is a bright orange substance 
often used in jewellery. The ancient 
Greeks knew that when they rubbed a 
piece of amber with a cloth, the amber 
attracted bits of ash and dirt. 

They didn’t know it, but 
they had discovered 
static electricity. 


Electric touch 

Static charges are responsible for 
the tiny shocks you sometimes get 
when you touch a metal door handle. 
They also make your hair stand on 
end when you pull a woollen jumper 
over your head or rub your hair with 
a balloon. The strands of hair are 
attracted to the charged item and are 
so light they are lifted up towards it. 


£\/i>i>(A 


The. 


pe.A 


% 


(ve.s 


char 


as 


STrc'ps 


ecTroAS 


fr 


The. 


c(oTh 


row 




a 





4 Repeat with the second piece 
of wire and another fastener, but 
this time slip a paper clip onto 
the fastener before attaching the wire. 
Inside the tube, bend back the legs of 
the fasteners so that they are flush with 
the side of the tube, but make sure 
that they are not touching. 


Tape the two batteries 


) together, making sure that the 
positive and negative terminals 
are touching. Tape the end of one 
wire to the bottom battery, then push 
both batteries fully into the tube. 


tube, narrow end first, so that 
it is secured in place by the 
modelling clay. To switch the torch 
on, touch the paper clip against the 
second brass fastener, completing 
the circuit and lighting up the bulb. 


Wrap the end of the second 
% wire around the bottom of 
w the bulb and secure it with 
electrical tape. Hold the bulb 
against the top of the battery in 
the tube and use modelling clay 
to secure it tightly in place. 


FASHION A 

FI-A8HUGH i 


/ 1 Make two small, vertical slits 
^ in the tube, about the length 
\w of a paper clip apart. Ask an 
adult to strip the ends of your wires. 
Thread a piece of wire through each 
slit. Wrap the exposed end of one 
wire around a brass fastener and 
press the fastener through the slit. 


in electric current is a stream of 

=£ £SS£S££« ™ ea * be used 10 d0 

work - lighting the bulb of a torch, for example. 


I Cut the neck off a small 
plastic bottle. This will be the 
reflector of your torch. Line 
the inside of it with aluminium 
foil, fixing the foil in position 
with glue or clear sticky tape. 


2 


Take the top off your 
empty sweets tube. This 
will be the body of your 
torch. If you want to decorate 
it, use glue and coloured paper 
to cover it, then leave it to dry. 


YOU WILL NEED: 

Small plastic bottle 
Scissors 

Empty cardboard sweets tube 
Aluminium foil 

Two 1,5-volt C (R14) batteries 
Two 15-cm (6-in) lengths of insulated 
wire, all four ends stripped to 
approximately 1 cm (0,4 in) 

3-volt torch bulb 
Modelling clay 
Paper clip 

Two brass fasteners 

Electrical tape 

Paper and glue to decorate 


30 mins 
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Testing for conductors 

Materials that conduct electricity are 
called conductors; those that do not 
are insulators. To find out whether a 
material is a conductor, hook up a 
simple circuit. Connect the object you 
want to test to a battery and a small 
light bulb. If the object is a conductor, 
the bulb will light up. 


GrCecTrurfcj u*(CC oaClj 
f'^/Vz 4 has a co/^ipCeste 
cr‘rci/r*t 'to <ao aroi/Act , so 
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HOW DOES 
THIS WORK? 

Materials that conduct electricity are made 
of atoms with electrons that can move around 
easily, jumping from atom to atom. Normally, 
the electrons move in all different directions. 

If a conductor, such as copper wire, is connected 
to a battery in a circuit, the negatively charged 
electrons flow towards the battery’s positive 
terminal, producing a current. The battery produces 
electrical pressure, or voltage, which pushes the 
electrons along. The size of an electric current is 
measured in amperes, or amps. One amp is a flow 0 
about 6 million million million electrons per second. 

Other particles iru**. 
the conductor 
do not move 


Electrons moving in 
different directions do 
not produce a current . 


Electrons flowing in 
the same direction 
produce a current . 
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YOU WILL NEED: 

Jar with lid 
Paper clip 
Nail 

Thick insulated electrical wire, at least 
2,5 mm (0.1 inch) diameter 
Crocodile clips 
Tea light candle 

Heavy duty 6-volt lantern battery 
Glue 

Wire cutters 


I Cut two pieces of thick wire 
about 30 cm (12 in) in length. 
At one end of each attach a 
crocodile clip. Ask an adult to 
strip off about 2 cm (0.8 in) of the 
insulation from the other ends 
and bend the wire into a hook. 




Get an adult to drill two 
holes in the top of the jar’s 
lid, just big enough for your 
wire to fit through. Push the wires 
through the holes, hooked ends 
first, and glue them in place. 


3 


Straighten out a paper clip 
and then curl it around a 
nail to make a coil. This 
can be quite tricky, so ask an 
adult to help you. Rest the coiled 
paper clip in the hooks of wire. 
This is your filament. 


2 


■ 


LIGHTEN UP! 


Inventors took more than ^ mfr^coil ol 

Getting fuo'^ easy'astt kook's! This is a tricky experiment, but 

Svou manage it it will brighten your day. 


4 Light a tealight and 
drop it into the jar. Put 
the lid on tightly. After a 
few seconds the candle will run 
out of oxygen and go out. 


A filament made out ( 
w,re m£ »y be made to i 
easily, but it m ; ght a 


* Mj, "yu/ess 

bQ Nery than specif! 
fry using a thinner fi 


Wire strippers 


20 mins 



HOW DOES 
THIS WORK? 

As current-carrying electrons move through a conductor 
they collide with the atoms that the conductor is made of. 
This slows the electrons down and turns some of their 
electrical energy into heat. This effect is called resistance. 
Materials that are poor conductors have high resistan . 
In your homemade light bulb the paper clip is made out of 
steel which conducts electricity much more poorly than 
the metal in the electrical wire. The resistance it provides 
is so high and produces so much heat that the paper clip 
begins to turn orange. Burning the candle first lets the 
paper clip glow for longer. It consumes the oxygen inside 
the jar that would otherwise react with the hot filament 
and make it burn out more quickly. 


r * Turn out the lights 
% and attach your metal 
\w clips to the terminals 
of the battery. After a few 
seconds the paper clip 
should begin to glow. 




WARNING! 

We used wires 2,5 mm (n diameter 

Do not use wires thinner than this 
with a battery of this sire, They could 

h eat up or even catch fire Thl ° 
c/ip filament will become very hot^o 
not touch i, until the battery has been 
disconnected and it has stopped 

glowing for some time, 





eureka moments 

Switching on the lights 

US inventor Thomas Edison (1847-1931) was one of many 
scientists who made the first light bulbs. His 1879 bulb had a 
carbon filament that glowed brightly. Modern incandescent bulbs 
have a tungsten filament that heats up to about 3,000°C (5,500°F) 
and are filled with an inert (non-reactive) gas so that the filament 
does not burn through. 




Energy-saving light bulbs 

Incandescent bulbs glow by producing a large amount of 
heat, making them very inefficient. Increasingly, they are 
being replaced with bulbs that work in a different way. 
Fluorescent energy-saving bulbs produce light without 
producing much heat. They use electricity to energize 
mercury vapour. This produces invisible ultraviolet rays. 

A chemical coating inside the bulb changes the UV light 
into visible light. 
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SALTY CIRCUIT 


.. 4 ^rknrinrt pipetricitv wgII bGCQUsG they 
Electrolytes are matures that ( ' t J | ree to move about. 

contain ions (electrically charged it into a stronger electrolyte. 


YOU WILL NEED: 

Glass dish 

Water 

Salt 

9-volt battery 
Small bulb 

Three lengths of electrical wire, 
insulation stripped from the ends 
Crocodile clips 
Table salt 
Plastic spoon 


■ Take two wires, each with 

fK Connect one wire to one 

(S 

1 a crocodile clip on one end 

^ terminal of the battery and 

\f“/ 

1 only. Put the free end of the 

■■ the other wire to the light bulb. 

15 mins 



wires into a glass dish and tape 
them in position on opposite sides. 
Now fill the dish with water. 


Use a third wire to connect the 
bulb to the other terminal 
of the battery. 





r 


WARNING! 

It can be very dangerous 
to mix water and electricity, This 

e*Per„e n t doesno t usea y i S 

enough current lo seriously harm 

you, but you should never use 
household electrical appliances 

"ear Caterer you could get 
a nasty electric shock, 


Slowly add table salt to 
^ the water, stirring it with 
\w a plastic spoon (which does 
not conduct electricity) to help the 
salt dissolve. The more salt you add, 
the more brightly the bulb glows. 



CarMoard 
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Bright sparks 

The first practical battery was built in 1800 by 
Italian physicist Alessandro Volta (1745-1827). 

In his “voltaic pile”, discs of zinc and copper were 
separated by pieces of cardboard soaked in salty 
water. It worked in the same way as your lemon 
battery to produce an electric current. The unit for 
electrical force, the volt, is named after him. 


HOW DOES 
THIS WORK? 


Usual, an etectric current is earned b, electrons, but «. an electrolyte ^ 



YOU WILL NEED 




I One by one, roll your 
lemons on a table to 
release the juices inside 
them. This will help the 
current to flow. 


2 


Ask an adult to make two 
slits in the skin of each 
lemon using a sharp knife. 
The slits should be the same 
width as your coins. 


3 


Push a copper coin and 
a silver coin into the slits 
you made in each lemon. 
Make sure that the coins are 
touching the fruits’ flesh. 


4 Use crocodile clips and 
two wires to connect 
the three lemons. Each 
wire should run between a 
silver coin and a copper coin. 


TOP TIP 

tails work well in d'° ce °* 

eecoloured corns. Hook up 
•UtusIruUsto see ho* they 

iewtt your lemon Wtte»V 

other 1ru« and vegetables. 

Oo apples work? Who' 

about potato es • 


C * Connect the last copper 
% coin and the last silver coin 
\w to a voltmeter. Three lemons 
can produce up to about 3 volts - 
enough to light up an LED. 


SEE A CITRUS 

CURRENT 

A battery uses an electrolyte to produce an electric 
current from a chemical reaction. But you don’t need 
batteries - some lemons will do! Lemon juice is an 
acid that can provide enough power to light up an LED. 


Three lemons 
Sharp knife 

Copper and silver coins 
Three lengths of electrical wire, 
insulation stripped from the ends 
Crocodile clips 
Voltmeter 

15 mins 


RADIOlSIGNALS 


homemade radio 

i no n i nnnrqv wqvg with q vGry long 
Radio waves are a type 0 9 . h - (tch Q r - |( j e on radio 

wavelength. Sound waves ca . b y ou can pick 

waves and travel Ions even need 

Sries -"the 0 radtowaves themselves provide the current. 


YOU WILL NEED: 

25-m (82-ft) insulated single-core wire 
Three lengths of electrical wire 
Crocodile clips 
Cardboard tube 
Pencil 

Crystal earpiece 
Germanium diode 
Copper wire 

10-m (34-ft) wire for aerial 




1 hour 


HOW DOES 
THIS WORK? 

Your radio picks up AM (amplitude modulated) radio 
siqnals. These work by using a radio wave to act as a 
carrier wave for a sound wave. The sound wave varies 
the amplitude (strength) of the carrier wave, so the 
frequency of the carrier wave (vibrations per second) 
stays the same, but its size varies. 




Carrier wave has a 
certain frequency 


Sound wave changes the 
amplitude of the carrier wave 


Each radio station has its own carrier wave with a particular 
frequency. The aerial of your radio picks up radio waves and 
turns the energy that they contain into tiny electric currents. 
The current passes through the coil of wire, which acts hke a 
filter, only allowing a signal of one frequency through, 
qermanium diode receives the current and separates the bit 
relating to the sound wave from the bit relating to the carrier 
wave so that the earpiece can convert it back into sound. 


2 


Wind the wire around the 
cardboard tube, keeping 
the coils close together. 
After six turns, place a pencil 
down the side of the tube and 
wrap the wire around the 
pencil to make a small loop. 
Continue like this, with six 
turns then a loop, until you 
reach the bottom of the tube. 



I Make two holes about 1 cm 
(0.4 in) apart at the top and 
bottom of a cardboard tube. 
Thread the insulated single-core 
wire through the top two holes and 
pull about 4 cm (1 .5 in) through. 
This anchors the wire in place. 



/ 


Thread the wire through 
^ the two holes at the 
\w bottom of the tube as 
you did at the top. Leave 
1 5 cm (6 in) then cut the wire. 
Slide the pencil out and ask 
an adult to strip the insulation 
from the end of the wire 
and from each of the loops. 
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WARNING! 

Your radio needs a long aerial 

or it will not work. However, it is 

important that you do not put 

up your aerial anywhere near 

overhead power lines or it 

there is any danger ol lightning. 





Connect the base of 


4 Ask an adult to run at least 1 0 m (33 ft) 
of wire from somewhere high up, such 
as a tree, to the place where you want 
to listen to your radio. This is your aerial. 


> your aerial to the loop 


at the top of your 
radio using a length of wire 
and two crocodile clips. 


Your radio needs an earth 
connection. Twist a copper 
wire into a coil. Connect it to 
the wire at the bottom of your radio 
using a wire and two crocodile clips, 
then bury the coil in the ground. 



TOP TIP 

For best results, try listening in the 

evening. AM radio signals travel by 

bouncing up and down between the 

called the ionosphere, This layer is 
quite turbulent during the day, when 

S '? '* UP ’ bu . « fs more 

stable at night and so reflects 

radio waves better , 


Ask an adult to strip the insulation off the ends of 
K the crystal earpiece’s wires. Connect one of them 
m to the germanium diode, then connect the other 
side of the diode to one of the loops on your radio. 
Connect the other side of the earpiece to the wire at the 
bottom of the radio (the one the earth wire connects to). 


8 Put the earpiece in and see if 
you can hear anything. If not, try 
moving the metal clip connected 
to the diode to a different loop on the 
coil and listen again. 
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MAKE A METAL _ 

DE l EC l OR 

Metal obiects hidden under p^th^Mhe 

and are then picked up b, the detector. 
Make your own and see what you can find. 


YOU WILL NEED: 

Empty CD case 
Double-sided tape 
AM radio 

Battery-powered calculator 




10 mins 


Mine detectors 

During wars, mines (explosive devices) and 
lEDs (improvised explosive devices) are often 
buried under ground that enemy troops might 
cross. Hidden just beneath the surface, the 
devices detonate when disturbed and pose a 
great danger to both military personnel and 
civilians. One method for finding them so that 
they can be cleared uses metal detectors. The 
detectors are moved from side to side across 
the ground, searching for metal parts. 



I Take an empty CD case and 
stick the calculator to one side 
of it using double-sided tape. 
Turn the calculator on. 


TOP TIP 

socken!J adi ° haSanearphone 

Zr ,ryUSingearph ° n °st°hear 

AMbatd? ti0nattheend0 ' the 
AM band, tune it as close as you 

can so you hear only static. 




2 Stick the radio to the other 
side of the CD case with 
double-sided tape. Both 
the radio and the calculator 
should be facing inwards. 


I— 
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Treasure hunting 

Metal detecting is a popular hobby across 
the world. Some people look for valuable 
metals in their natural form of nuggets or 
flakes (prospecting), others search beaches 
(beach combing) and other areas likely to 
yield buried metal. Occasionally, metal 
detectorists unearth hoards of coins and 
other ancient relics buried or lost centuries 
ago. In 2010, an enthusiast found a pot 
containing more than 50,000 3rd-century 
Roman coins in a field in Somerset, England. 



Turn the radio on and tune it to the 
^ top of the AM (medium wave) band, 
\w making sure not to tune it to a station. 
Turn up the volume so that all you can hear 
is static (hissing). Close the CD case until 
you can hear a loud tone. 
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HOW DOES 
THIS WORK? 

Metal detectors work by producing a radio 
signal and then detecting disturbances to it 
caused by hidden metal objects. Like all 
electrical appliances, the calculator gives out a 
weak radio signal. This is picked up by the radio 
and sounds like a musical note, or tone. When 
your detector is held over a metal object, some 
of this radio signal is reflected back up to the 
radio and makes the tone louder. This works 
because radio waves can pass through most 
materials but not metals. 






The. racic'o e. 
'toAe. <^>he.A 
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4 Open the case again until you can 
only just hear the tone. Hold the 
case in this position. When you 
move the detector over something made 
of metal, the tone will grow louder. 


The. CD case. hoCds 
' the. caCcu Carter aAc( 
radc'o ('a pCace. 





A rainy day 


I When rain is forecast, place a 
shallow tray outside somewhere that 
it won’t be disturbed. Your tray must 
be thoroughly clean beforehand. 

Leave it to collect rainwater. 


Bring the tray inside and put it 
^ in a warm place. Leave it until 
!■ all the water has evaporated. 
Micrometeorites are not visible to the 
naked eye, but there may be specks 
of dust or dirt left on the tray. ^ 


Take your paper cup and 
^ make two holes opposite 
\w each other near the rim. 
Thread a length of string through 
them to make a handle and place 
a magnet inside the cup. 


4 Sweep the cup over the tray. 
Any magnetic metallic dust will 
be attracted by the magnet 
and stick to the bottom of the cup. 
Some of these pieces may be 
micrometeorites, attracted to the 
magnet because they contain iron. 


“'SUSSS**-' 

ear\h 


r * Tap your cup onto the slide of a 
% microscope. If you don’t have 
\w a microscope, tap the cup over a 
sheet of white paper and use a magnifying 
glass. What can you see? Any particles 
that are spherical or look like flakes could 
have come from outer space. 


MICROSCOPIC 

METEORI 1 1-5> 


YOU WILL NEED: 

Shallow tray 
Paper cup 
String 

Strong magnet 

Microscope or magnifying glass 
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MAGNIi 1 1C 

BREAKFAST 


YOU WILL NEED: 

Breakfast cereal 
Blender 

Plastic storage bag 
Strong magnet 
Hot water 


It might not sound very appetizing, but iron is vital for a 
healthy diet. Using its magnetic properties, you can 
separate this metal from your breakfast cereal. 


20 mins 


I Put a cup of cereal into a 
blender and add some 
hot water - just enough 
to cover all of the cereal. 
Turn on the blender for 
about 1 minute, until your 
cereal mixture is thoroughly 
blended with no lumps. 


Pour the blended mixture 
into a plastic storage bag 
!■ and zip the bag shut. 
Leave it to sit for 5 minutes - 
this will allow the iron to sink 
to the bottom. 




F\ Take your magnet and run it 
^ along the bottom of the bag, 
\w using lots of even strokes in the 
same direction. The little black specks 
that you will see collecting around the 
magnet are pieces of iron. 


HOW DOES 
THIS WORK? 

All magnets are surrounded by a field that is strongest at its ends, 
or poles. When two magnets are near each other, their opposite 
poles attract and like poles repel. Anything that attracts iron is 
classed as a magnet. Materials that behave like magnets when 
inside a magnetic field are known as magnetic materials. 


Lines of force are 
concentrated near 
the poles 


The atoms in magnetic materials are arranged in groups, or 
domains, which act like tiny magnets. Normally, the domains point 
in all directions, cancelling out their magnetism. In a magnetic 
field, the domains line up, making the material magnetic. Some 
materials, such as nickel and iron, lose their magnetic field when 
they are removed from the field. Others, such as steel, become 
permanent magnets if magnetized once. 
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^ECreOMAGNET 

Electromagnets are ele .?^J ly n J S? ^Sg them^leful for devices 

your own “ net 

from a simple screwdriver. 


YOU WILL NEED: 

Screwdriver with a plastic handle 

Insulated wire 

4,5-volt battery 

Sticky tape 

Ruler 

Steel paperclips 
Wire strippers or scissors 



30 mins 




I About 30 cm (12 in) from 
one end of your wire, stick 
the wire to the base of the 
screwdriver’s handle, where 
it meets the blade, with a 
piece of tape. 


Wrap the wire tightly 
^ around the metal blade of 
■ H the screwdriver 60 times. 
Use sticky tape around the last 
turn to hold it securely in place. 


TOP TIP 

yo T lrS n9thenUmbero,c *on 

d ! 0 ? 9ne,lc " eW P^ced, 

oes an electromagnet with 

M coils work better than 

°ne with just 40? 
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SCIENCE AROUND US 


No wheels necessary 

Electromagnets provide the power for futuristic levitating trains 
called maglevs. The world’s first commercial high-speed maglev 
carries passengers between Shanghai and its international airport at up 
to 431 kph (268 mph). The sides of the train wrap underneath the track. 
Electromagnets at the bottom of these sides and in the track above them 
attract each other, lifting the train so that it hovers above the track. 


Leave a length of 30 cm (12 in) 

^ then cut the wire. Ask an adult to 
\w remove the insulation from the last 
2-3 cm (1 in). Then strip the same amount 
off the end attached to the handle. 




4 Connect one end of the 
wire to one terminal of the 
battery, and the other end 
to the battery’s other terminal. 




HOW DOES 
THIS WORK? 

electricity the current 

fs turned off, t h ; magnetism disappears. A current-carrying wire 
wound into a coil produces a more concentrated magnetic field, 
like that of a bar magnet, and using a metal core makes the 
magnetism even stronger. 


Magnetic field 


North 

pole 


South 

pole 


- .ntnO- 


Direction of current 


■ lit 


. If the current were flowing in 
the opposite direction, the 
poles would switch places 


r * Touch the end of 
^ the screwdriver blade 
\w to some paper clips. 
How many can it pick up? 
Disconnect the wires 
from the battery and try 
again - the screwdriver 
should lose its magnetism. 


Scre.t*ctr(Ve.r 
de.c0/ve.s a /va.^sie.'t 
i^>h e/i 'the. cvrresvt 
(S Switch e.ct o / i 


Compass clue 

The first person to notice that electric 
currents produce magnetism was 
Danish scientist Hans Christian 
Oersted (1777-1851). In 1820, he 
noticed a compass needle twitch 
when an electric current was switched 
on nearby. In 1931, English scientist 
Michael Faraday (1791-1867) showed 
that the relationship also works in 
reverse. He pushed a magnet into a 
coil of wire and found that a moving 
magnet created a current. 




TOP TIP 

<iinhif W * IVers sorne b"mes have a 

stSZ a 9 T c,ipso,ha,sc ^s 
them, See how magnetic your 
screwier is before starting he 
experiment - how many paper cfcs 
c omt pick up? Then lest ho^many 

moresf,cktoif aftertU mi n gT 

<nto an electromagnet, 




MAKE A MOTOR 

Eiec r c 

used in all sorts of 

^ ontU .he same principle. 

Get spinning! 



I Make a coil by wrapping 
enamelled copper wire 
20 times around an AA battery 
or chunky marker pen. Leave 
about 5 cm (2 in) of wire sticking 
out from each side of the coil. 
Slide the coil off the pen and 
wrap the ends around the inside 
of the coil to stop it unwinding. 



A't one. evict O'f 
'the. o*('re. t re./*ove. 
oMlj ha.hfo<f 
'the. (/\Su(a't(‘o/\ 


2 Ask an adult to scrape the 
enamel coating off one end 
of the wire using scissors 
or sandpaper. Then scrape the 
enamel off the other end of the 
wire - but this time only remove 
it from one side. Leave the other 
side in tact. 


YOU WILL NEED: 

D-cell battery (1,5 volts) 

Strong magnet 

1 m (3 ft) of enamelled copper wire, 
also called magnet wire 
AA battery, marker pen, or item of 
similar width 
Rubber bands 
Two large paperclips 


30 mins 
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Bend the paper clips in the 
middle to form supports for 
the coil. Place one paper clip 
on each end of the D-cell battery 
and wrap rubber bands around the 
battery to hold the clips in position. 



HOW DOES 
THIS WORK? 

An electric motor contains a rotating 
electromagnet called a rotor. Its north and south 
poles are attracted to the opposite poles of a 
nearby permanent magnet, making the coil rotate 
half a turn. The current is then reversed, reversing 
the rotor’s magnetic poles, so it is repelled by the 
permanent magnet and completes another half 
turn in the same direction. Continually reversing 
the current like this makes the coil spin. Your 
simple version works in a similar way. The coil is 
the rotor, and when the current runs through it, it is 
attracted to the magnet. Instead of reversing the 
current, leaving insulation on half of one end of 
the wire turns the current off every half turn, Battery supplies 
so the coil is attracted in a series of pulses. an electric current 


Component called the 
communicator reverses 
the current every half turn, 
reversing the rotor’s 
magnetic field . 


Permanent magnet 
alternately attracts and 
repels the rotor to make it 

spin continuously -■ 


--.Rotor turns into a 
magnet when the electric 
current is switched on 

Electric motor 


EUREKA MOMENTS rfFyS 





TIP 

el hold ola bat 
alispo'Net'al 

,e stitt being bhe 

rttfie ballets '<V 

acK ol 15 or so 

lin)reod'f mum 

iqnels instead. 
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Michael’s motor 

The very first electric motor was invented 
by English scientist Michael Faraday 
(1 791 -1 867) in 1 821 . He hung a wire so 
that the end dipped into a dish of mercury - 
a metal that is liquid at room temperature. 
The wire was free to move. A magnet sat in 
the middle of the dish of mercury. When the 
wire and the mercury were connected to a 
battery, the wire started moving around the 
magnet. Today’s electric motors are based 
on this discovery. 

Tx'sh Orf 
/^e.rcurcj a*<Th 
a* atoned ('nscde... 


We're. Amoves 
around The. 
A^ao^nert 


Faraday’s motor 


Motor in minutes 

This simple motor has even fewer 
components but demonstrates a 
similar principle. Strip about 12 mm 
(0.5 in) of insulation from each end of 
a 15 cm (6 in) piece of wire. Snap a 
neodymium disc magnet onto the 
head of a steel screw. Hold the 
screw up to a D-cell battery so that 
the screw’s point sticks to the 
battery’s positive terminal. Touch one 
end of the wire on the battery’s free 
terminal and the other end against 
the side of the magnet. The screw 
and magnet will start spinning. 


OaClj one. haCd'o'f 
one. e.nd of The. 
i^x're. (S co art ed 
(’n e.na.A*e.( 
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4 Stick the magnet to 
the side of the battery. 
Hang the coil in the 
paper clip hooks and give it a 
spin. The coil should continue 
spinning. If it doesn’t, try 
moving the coil closer to the 
magnet or try using a more 
powerful magnet. 


SCIENCE IN SECONDS 
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UNDER 

PRESSURE 


YOU WILL NEED: 


Z 5?W * cMntwou canseettliappenin9*by HZ 

an instrument called a barometer. 


Bowl 

Large balloon 
Scissors 
Sticky tape 
Two drinking straws 
Sheet of card 
Marker pen 
Ruler 


20 mins 






I Cut the neck and a small part 
of the body off a balloon. Stretch 
the rest tightly over the top of 
the bowl as if you are making a 
drum and tape it in place. 


i Make a short slit in the end of 
' one of the straws and insert 
i the other one into it. Tape 
them together and then tape one 
end to the middle of the balloon. 


3 


Fold the card in the middle 
so that it will stand upright. 
Mark a scale on it with lines 
6 mm (0.2 in) apart using a pen 
and a ruler. 



4 Put the bowl on a shelf and 

position the scale by the end of 
the straw. Check every few hours 
to see if the pointer has moved up or 
down to show a change in air pressure. 


The. rtra.(^ /*ove.s 
('f'the. a/r 
pressure. <fiiCCs, 
a./\c£ up (p'the. 
pressure, nses .. 
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YOU WILL NEED 
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WIND 

WHIZZIER 

Wind speed is measured by a device called an anemometer, In this 
homemade version, as the wind whips by it makes the cups whizz 
around in a circle. Their speed shows how fast the wind is blowing. 


Four paper cups 
Paper plate 
Felt-tip pen 
Stapler 

Pencil with an eraser 
Drawing pin 
Modelling clay 
Stopwatch 



# 


* i 






Isobars 


I Take your paper plate and 
draw a cross on it to find 
the centre. Mark one of 
your cups with a thick stripe 
using your felt-tip pen. 


/ ^ Arrange your cups so that 
^ they are all facing the same 
■ H direction on the rim of the 


paper plate. Staple them in place 
at the four points of the cross. 


3 


Push a drawing pin through 
the centre of the cross 
into the rubber on the end of 
the pencil. Test the cups to make 
sure they can spin around easily. 


4 On a windy day, stick the pencil into a 
big lump of modelling clay and watch the 
cups spin. Using a stopwatch, count how 
many times the marked cup passes around in 
a minute. The more revolutions per minute, the 
faster the wind is blowing. 


Meteorologists measure the air pressure in 
lots of different places and mark the results 
on maps. Areas of similar pressure are linked 
with lines called isobars. These lines encircle 
areas of high and low pressure. Where there 
is a high, there is usually dry, fine weather. 
Lows usually bring rain. Where the isobars 
are closer together, the wind blows faster. 
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CREATE A 

CLOUD 

Seated own wfsps o. cloud from ice, water, and smoke. 


YOU WILL NEED: 

Large, flat-sided jar 
Warm water 
Resealable bag 
Ice cubes 
Black card 
Match 
Sticky tape 


10 mins 


* * - 
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I Tape the black card to the jar 
to create a dark background. 
Fill about a quarter of the jar 
with warm water from a tap. 





2 Fill the sandwich bag with 
ice cubes and seal it shut. 
Make sure that it’s big 
enough to cover the top of the jar. 



3 


Get an adult to light a 
match and then blow it 
out. Wait for a second or 
two and drop it into the jar. 


Malce sore, dhad 
'the. ae t>ao a*ond 
'/ad (A'to The. lar 


Master vapour 
condenses i^hen 
i* t h(ds ac'r cooCed 
’i>uj 'the ae _ 


4 


Quickly put the bag 
of ice on top of the 
jar and watch as a 
cloud forms inside. 


So/ne o /^ *the 
t^am trader 


evaporades 
and rcSes . 
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SCIENCE AROUND US 


HOW DOE 




THIS WORK? 


When oceans are warmed by sunlight, some of the water 
evaporates and becomes water vapour held in the air. As the 
warm air rises, it expands and cools until the water vapour 
must condense back into a liquid. But the water molecules 
need a solid surface to stick to before they can condense. 
Tiny dust particles in the air act as condensation nuclei - 
sites where the vapour can condense and turn into tiny 
water droplets. The droplets build up in their millions to 
form a cloud. In the jar, smoke particles from the match ac 
as nuclei to allow the vapour to condense into a cloud. 


. Water vapour 
condenses around 
tiny dust particles, 
forming clouds 



water vapour rises 


Types of cloud 

The three main cloud types are cirrus, cumulus, and stratus. 
Cirrus clouds are thin, wispy, and high in the sky, cumulus clouds 
are puffy and white with a flat base, and stratus clouds form 
layers or blankets. But these clouds come in many variations. 
Clouds with nimbus in the name indicate rain. In the right 
conditions cumulus clouds can grow taller and taller, forming 
giant cumulonimbus thunderclouds. 



SCIENCE IN SECONDS 

Water in the air 

All air contains some water vapour. Water vapour is a gas 
and you can’t see it, but by making the gas condense 
you can show that it is there. Fill a glass with crushed 
ice and add a tablespoon of salt. The salt will make the 
ice melt, drawing in heat from the surrounding air. This 
lowers the temperature of the glass so much that frost 
crystals grow on the outside. The water vapour in the air 
has turned to ice. If the glass wasn’t quite as cold, the 
vapour would condense into water droplets instead. 



Cumulonimbus - storm clouds that tower up to 16 km (10 miles) high 



Cumulus - fluffy white bundles of cloud that can grow upwards 



Nimbostratus - low grey stratus (layer) clouds that threaten rain 


- ’I 


SOW A SEED 

into I fe wid begin to grow. So, what's go,ng on? With 

KS5^^*ortl»^tos«loryq«** 



I Soak your bean seed in water 
for a day or two. Dip a piece 
of blotting paper or kitchen 
towel in water to moisten it and 
then roll it up. 



TOP TIP 

XS'"*""-* 

rSSEsza 

-■KfiSSs; 

experiment with different 

seeds- they a)| take different 

times to germinate, 


/ ^ Fill the jar with the rolled 
^ up paper and wedge the 
!■ broad bean seed between 
the paper and the jar about 
halfway down. If the paper won’t 
prop up the seed by itself, pack 
some more paper inside the roll. 


YOU WILL NEED: 

Jar 

Blotting paper or kitchen towel 

Broad bean seed 

Water 



1 week 





m 


/ 1 Add 2 cm (0.8 in) of water 
^ to the jar, but only to a level 
\w below the seed. Place the 
jar in a warm, dark place so that 
the seed can germinate. 


Up or down? 

A plant’s roots will always grow downwards. Soak a 
bean seed in water for a few days, then push some 
florist’s wire through it. Put some wet cotton wool into 
a jar and attach the wire to the lid. Lay the jar on its 
side for a few days until a root sprouts and grows 
downwards. Then turn the jar so that the root points 
upwards and observe it again in a few days. The root 
will have changed direction. Gravity pulls a hormone 
called auxin in the plant downwards. If more of it 
collects on one side of a root, the root grows faster 
on the other side, turning it downwards. 


Z 


Z 


HOW DOES 
THIS WORK? 

Germination is the production of roots and shoots from a 
seed. In order to grow, the seed needs water, sunlight, and 
warmth. A seed contains food stores called cotyledons that hold 
all the energy it will need. When the seed absorbs water, it is 
prompted to start using its food store and swells up until the 
seed coat cracks. The plant embryo inside the seed begins to 
grow - the radicle (embryonic root) forces its way out and as it 
grows downwards, the plumule (embryonic shoot) emerges and 
begins to grow upwards. 



Cotyledon- j 


..Seed coat is a 
protective shell 


Radicle 

(root)-— 


„ Plumule 
(shoot) 
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4 Leave the jar for a few days, 
keeping the paper moist by 
adding drops of water if it 
feels dry. Eventually, a small root 
will sprout, growing downwards. 











m 


After several more days, a 
green shoot will sprout from 
\w the bean, growing upwards 
seeking light. Move the jar into a 
sunny spot to help the shoot grow. 


Cold storage 

To try and prevent plant species from becoming extinct, the Millennium 
Seed Bank in Kew, England, holds 1 .5 billion seeds from around the 
world, making it the world’s largest wild seed bank. To preserve the 
seeds for hundreds of years without them dying, they are dried out 
and frozen at -20°C (-4°F). To make sure that the seeds are surviving 
the freezing process and will be able to grow in the future, a sample 
of the seeds are defrosted and germinated every 10 years. 



I — 

Growing race 

This experiment takes seconds to set up, but you’ll need to 
monitor it for a couple of weeks. Fill three pots with soil and 
plant a sprouting bean seed (step 5, left) into each of them, with 
the seed and roots under the soil surface. Label the pots 1 to 3. 
Place pots 1 and 2 near a window and pot 3 in a cupboard. Water 
pots 1 and 3 a little every day for 3 weeks. Pot 1 will have grown 
the most because it has light, water, and nutrients. The other two 
won’t have grown much, or may have died, because pot 2 had 
no water and pot 3 had no light. 


i r ! 
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CHASING JHE 
UGH i 

They will even thread their way through a maze. 


YOU WILL NEED: 

Shoe box 
Cardboard 
Scissors 
Black paint 
Paintbrush 
Sticky tape 
Flowerpot 
Soil or compost 
Runner bean seed 
Water 


I Cut a hole in one end of 
the shoe box. You will also 
need to cut two cardboard 
squares slightly shorter than 
the width of the box. 



'V 

Wr 


, Fill a flowerpot with soil 
v or compost and add a 
runner bean seed. Give 
the whole thing plenty of 
water. Put the pot in the 
shoe box and put the lid on. 
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Following the Sun 

Some plants hold their leaves flat so 
as to catch as much light as possible. 
Others actually move so that they point 
towards the Sun. It’s easiest to see this 
in plants that have big, flat flower heads, 
such as sunflowers. These plants with 
bright yellow petals move their flower 
heads to follow the Sun’s position as it 
moves from east to west during the 
day. This is called heliotropism. 



r • ^ 
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STARCH 
TEST 

Through photosynthesis, green plants use sunlight to 
make food, which they store in their leaves in the form 
of starch. You can prove that photosynthesis has 
occured by carrying out a simple test. 


WARNING! 

Be very careful mlh the alcohol and 

hZ' n u ThealC0h0lis extremely 
flammable and should only be used 

nawel|.ventilaledarea l andtf, e d 

ine is .j’.° lsonous an d will stain 

anything that it touches, 


YOU WILL NEED: 

Two dishes 
Iodine and dropper 
Glass jar 
Saucepan 
Rubbing alcohol 
Black plastic 
Geranium 
Sticky tape 
Tweezers 
Scissors 
Water 



I Place a geranium in good 
light. Wrap some black 
plastic around one of the 
leaves and tape it shut. Leave 
it there for at least two days 
before unwrapping it. 


HOW DOES 
THIS WORK? 

A plant’s ability to grow towards the light is 
called phototropism. A hormone called auxin 
collects on the shady side of the stem. It 
weakens the cell walls so the cells swell up on 
that side, bending the stem towards the light. 
Plants use light to make food by a process 
called photosynthesis. They use the energy in 
sunlight to convert water and carbon dioxide 
into glucose, an energy-rich sugar, and starch. 
Wrapping a leaf keeps light out and prevents 
photosynthesis. Iodine changes colour in the 
presence of starch, so performing the test 
reveals that starch is no longer being produced. 


-Cells on the dark 
side expand 


Direction of sunlight 


! Normal-sized cells 


% 


2 days 




2 Ask an adult to heat 
some water in the 
saucepan and stand 
your glass jar inside. Pour 
some alcohol into the jar 
and when it has warmed 
up, remove it from the heat. 


Use tweezers to dip 
^ the wrapped leaf and 
\w a regular leaf first into 
the water and then into the 
alcohol for a few minutes. 
This strips the green 
colouring out of the leaves. 




. ’1 
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SPLIT COLOUR 
FLOWER 

Plants produce flowers in all colours, but have you 
seen a flower that is half one colour and half 
another colour? You can make one if you understa 
a little bit of plant science. 


YOU WILL NEED: 

Two glasses 
Food colouring 

A white flower with a long stem 

Sticky tape 

Knife 

Chopping board 
Water 



I Take a long-stemmed white 
flower - a carnation works 
particularly well - and lay it 
out on a chopping board. Ask 
an adult to slice the flower’s 
stem in half lengthways. 


The cut should extend about 
halfway up the stem. Wrap 
a piece of tape around the 
stem where the split stops, to 
prevent it from splitting any further. 


1 hour 


I Fill two glasses with water 
I and add food colouring to 
' one of them. Place the 
flower in the glasses, with half 
of the stem in each. 


% 

w< 
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HOW DOES 
THIS WORK? 


Plants draw up water from the soil through their roots. It is 
transported through the stem by the xylem - stacked hollow 
cells that form a tube. The water rises up the xylem to the leaves 
where some of it evaporates, or transpires. Losing water f rom the 
leaves like this makes the xylem suck more water up the stem. 

In this experiment, the stem is split so the water drawn up the 
stem is separated. Half of the flower rece.ves clear water and 
the other half receives coloured water, so only half of the 
flower’s petals change colour. 

Water evaporates 
from the leaves 


Water rises 
through the stem 


Roots draw up 
water from the soil 




Tubes called 
xylem carry 
the water 


SCIENCE AROUND US 



Conserving water 

Plants in dry places make the most of the little rain that falls. 
Their leaves may be waxy to reduce water loss, or have 
hairs to trap dew. Some plants store water in fleshy, spongy 
parts. Desert cacti store collected rainwater in their stems 
and have hard spines instead of leaves. 
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4 Check the flower’s 
petals about every 
15 minutes or so. 
Eventually you’ll find that 
half of them have turned red. 


T>ue 'frauds up 
'the. /'(ot^e.r's 
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Transpiration on the rise 

Transpiration is an important part of Earth’s water cycle, 
moving large volumes of water from the ground to the 
atmosphere. A single sunflower transpires 1-2 litres 
(2. 1-4.2 pints) of water every day. A field of corn transpires 
up to 15,000 litres (31 ,700 pints) of water a day. The level 
of transpiration in the Amazon rainforest is so great that it 
creates a visible mist above the canopy, and is partly why 
the rainforest is so humid. 
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Streaky celery 

The pipelines that carry 
water (xylems) are visible in some 
plants. Pour a little water into a jar and 
add some red or blue food colouring. 
Stand a stick of celery in the jar and 
leave it for a while. Check back at 
regular intervals and you should see 
the colouring rising up the stem. 


The. duje. 
r<Ses up 
The S' te.A* 



REVIVE A 

CARROT 

s5SSr"— - 


YOU WILL NEED: 

One limp carrot 
Glass 

Toothpicks 

Straw 

Modelling clay or wax 

Sugar 

Water 

Pen 



(D^ 


2 hours 



I Take a limp, old carrot and hollow 
out a small hole in the top. Insert 
a straw into the hole and seal 
any gaps around it with modelling 
clay or melted candle wax. 


3 


2 


Stick a toothpick into either side of 
the carrot, near the top. Place the 
carrot into a glass three-quarters 
full of water, so that the carrot is mostly 
submerged, with the toothpicks 
resting on the rim of the glass. 


Dissolve a teaspoon of sugar in 
about a tablespoon of water and 
put some of the solution in the 
straw. Mark the level on the straw with a 
pen. Wait two hours. The carrot itself will 
be firmer, and the level of sugar water 
in the straw will have risen. 


. S'tra.t ^ cOA'fa/AS 


. Le.ve.( O'fsv^a.r 
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Standing tall 

Trees stand up because they are made 
of stiff, woody material, but other 
plants rely on water pressure. Their 
cells are blown up like balloons, but 
with water instead of air, absorbed 
through the roots by osmosis and 
pumped all through the plant. If the 
cells don’t receive water, they become 
limp and the plant wilts. The leaves 
droop and the stems lean over. 


00 
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ABSORBENT 


EGGS 


YOU WILL NEED: 

Two fresh eggs 

Vinegar 

Water 

Treacle or corn syrup 
Two glasses 


When water moves through a semi-permeable membrane, it always 
moves towards the most concentrated solution. You can see this in 
action by doing an experiment with eggs. An egg is surrounded by a 
semi-permeable membrane, but to get to it you have to remove the shell. 


(D ^ 


2 days 



Put one of the eggs into a glass of 
A water and the other in a glass of 
■ H treacle or corn syrup. Leave them for 
another 24 hours. The egg in the treacle or 
syrup will look considerably smaller than the 
egg in the glass of water. Remove the eggs 
from the glasses and rinse off the treacle. 


sjoor'ts oi/'t 


I Place two eggs in a bowl and submerge 
them in vinegar to dissolve the shell. 
This will take at least 24 hours. Remove 
the eggs, which will feel soft and rubbery. 


HOW DOES 
THIS WORK? 

In osmosis, water travels from a less concentrated 
solution (with fewer dissolved molecules) through a 
semi-permeable membrane to a more concentrated 
solution (with more dissolved molecules). Water will 
flow from one to the other until the concentration is 
the same on both sides. 

^ Water molecules move 
y Through the membrane 
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Place the shrunken egg in 
^ a jar of water and leave it for 
\w a few hours. The egg will swell 
up as it absorbs the water - so much 
so that if you prick it with a pin, a jet 
of water will squirt out. 



Dissolved molecules j 
cannot pass through : 

When the limp carrot was placed in water, water 
passed from the glass into the carrot’s cells, making 
it firmer. Water also passed from the carrot into the 
more concentrated sugar solution, making the level 
in the straw rise. Similarly, a de-shelled egg in water 
expands as it absorbs water. An egg in treacle or 
corn syrup shrinks because water passes from the 
egg to the syrup, a concentrated sugar solution. 


TOP TIP 

Acetic add ; n vinegar breaks down 

^hin 2 ! C l UmCarbona,ein an egg's 

Sj hwhy,heshe "*soL s 

Alter youve stripped them weiah 

[Zrth S ‘ ThenWei9h,hema ^ 

experiment to see how 
much water they have 
gained or tost. 
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When something happens, how spiit^econd ' delay 

Measure your reactions and compare them wnn 
friends to see who has the fastest. 


YOU WILL NEED: 

Paper 

Scissors 

Sticky tape or glue 
Pencil 

Coloured pens 
Ruler 




30 mins 
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I Place a ruler on a sheet of 
paper and draw around it with 
the pencil. Cut this strip of 
paper out and divide it into six 
equal bands. Shade each of 
these a different colour. 


Trick your taste buds 

Your brain works very quickly, but it uses 
information from all five senses to interpret 
the world, and sometimes our senses 
mislead us. Fill three cups with different 
clear fizzy drinks and get a friend to taste 
them and guess what they are. Tell them to 
leave the room. Add different food colouring 
to each one. When they taste them again, 
see if their answers are different. 




/ ^ Stick the whole strip to the 
^ ruler with either tape or 
■ H glue. Ask a friend to hold 
the top of the ruler so that the 
bottom end is hanging between 
your open thumb and forefinger. 
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Stump your sense of smell 

Our senses of smell and taste are 
very closely linked. The tongue can 
only identify sweet, sour, salty, bitter, 
and savoury tastes, but the nose is 
much more sensitive and helps you 
to identify things in more detail. 

Cut a pear in half, hold it under your 
nose and take a bite of an apple. It 
will taste as if you are eating a pear 
because of the stronger smell. 








% 



On your marks... 

A fast reaction time is crucial in many 
sports. A sprinter who reacts to the sound 
of the starting pistol faster than other 
runners gets away from the start line first. 
Pitchers in professional baseball are able 
to throw the ball at a speed of almost 
160 kph (100 mph). This means that the 
batter has to react and swing the bat in 
less than 0.2 seconds to stand a chance 
of hitting the ball effectively. 



TAe nj[e.r 
'fi.CCs tjvaACLj. 
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HOW DOES 
THIS WORK? 

When you see or hear something happen, 
the information has to travel from your 
eyes or ears along nerves to the brain. 

Before you can act on what you’ve seen 
or heard, a signal has to travel from your 
brain to the muscles. All of this may 
happen in just a fifth of a second - this 
is your reaction time. 
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DRUM UP . „ V1 « 
SOME DNA 

t^vSsSSSSSa 

asrssr«“-«»-»-- 

WARNING! 

Rubbing alcohol, also known 

r l ? Calspiril ’ contains a high 

concentration of pure alcohoUt^ 
used as an antiseptic, but it is to*i c 

s rr ,ne -«'utis.so 

higW)r flammable. Use it only in a 

we//-venti/ated area and do not 
'"hale the fumes, 



I Before you begin, put the 
alcohol in the freezer for 
30 minutes. Put some 
strawberries in a jar and mash 
them up with a fork or the back of 
a spoon until they turn to pulp. 



In a second jar, mix the 
^ water with a few drops 
Ih of washing-up liquid and a 
pinch of salt. Stir them together 
slowly so as not to form bubbles. 
Scoop out and dispose of any 
bubbles that do form. 


Combine this mixture with 
^ the mashed up strawberries 
\w and mix everything together 
slowly and carefully for about 
2 minutes. Again, scoop out 
any froth if necessary. 




YOU WILL NEED: 

Strawberries 

100 ml (3 fl oz) water 

100 ml (3 fl oz) rubbing alcohol 

Washing-up liquid 

Salt 

Large bowl 
Two jars 

Fine sieve or strainer 

Thermometer 

Fork 

Paper clip 
Spoon 
Jug 
Glass 


(ft 


1 hour 





Design for life 

DNA is like an instruction manual for cells. 
Everything about a person, from eye and 
hair colour to the likelihood of contracting 
certain diseases later in life, is contained 
in his or her DNA. Apart from identical 
twins, everyone is born with unique DNA. 
It is found in every cell, so DNA can be 
extracted from samples of blood, hair, or 
saliva found at crime scenes. The unique 
pattern of the DNA can then be recorded 
as a series of rungs, almost like a 
supermarket barcode, called a DNA 
fingerprint. This can be compared with a 
sample taken from a suspect, or stored in 
a police or government agency database. 


Bf / M 

t M* 

s Lw*' 



W. 



4 Pour some hot water into a 
bowl and, if necessary, add 
cold water until the temperature 
is about 60°C (MOT). Stand the jar of 
mashed fruit in the bowl and leave it 
there for 15 minutes. 


TOP TIP 

You can perform this 

experiment with a kiwi, a banana 
fruZ 7 andaV ° rie>yo,oth " 

ruits and vegetables providing that 
and see which works best 
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C * Push the mixture through a 
% fine sieve or a strainer into 
\w a fresh glass to filter out all 
of the lumps. All you should have 
left is the liquid - this is where 
the DNA \n)W be. 

‘ \ : v - -A iW ' : -V 


Take the alcohol from the freezer 
and dribble it down the side of 
the glass very slowly so that it 
settles on top of your mixture. You 
might find it easier to use a jug or to 
add the alcohol a spoonful at a time. 

• rW -- ^ 


72? e 

co/rta.('/\ 
'the. DNA 


Almost immediately you should 
m see a white, web-like layer forming 
# between the liquid and the alcohol. 
Blobs of jelly-like DNA can be picked up 
on a hook made from a paper clip. 


DNA is stored deep within each cell’s nucleus, protect * b cell 
membrane and (in plant cells) a strong, outer cell wan. Mashmg 
up the fruit and warming it breaks down the cell walls, and the 
washing-up liquid in the mixture dissolves the cell membranes. 
Salt makes the DNA clump together and the alcohol pulls it up 
into a layer above the solution so that you can see it. The DNA 
is packed inside tiny, X-shaped structures called chromosomes, 
coiled up like a twisted ladder, called a double 
helix. The sequence of different chemicals 
that make up the rungs of the ladder is the 
code that holds the 
genetic information. 


Uncoiled chromosome shows the 
double helix structure of DNA 


HOW DOES 
THIS WORK? 
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TOP TIP ' 

chnns U is used in cooking as 
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to culture bacteria 
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I In a pan, mix the agar flakes 
with the water and two bouillon 
cubes. Stir it over a low heat 
until everything dissolves. Bring 
the mixture to the boil, then let it 
simmer for 30 minutes (to sterilize 
it). This mixture provides food for 
the bacteria and helps them grow. 


/ ^ Let the mixture cool for 
^ 1 0 minutes. Make sure that 
■ H your shallow dishes are as 
clean as possible. Ask an adult to 
sterilize them with hot water or in 
the oven. Pour the cool mixture 
into the dishes so that the bottom 
of each dish is covered. 


3 


Immediately cover the 
dishes to keep unwanted 
bugs out. Slide them inside 
plastic resealable bags or cover 
them with clingfilm. Let the 
dishes stand until the mixture has 
set. Agar usually sets quickly 
without having to go in the fridge. 


4 To begin the experiment, 
uncover a dish and swish 
a fingertip lightly across 
the surface of the mixture. Cover 
the dish up again straight away 
afterwards. Use each dish to test 
a different person. Label them 
so you know whose is whose. 


Inside the cell are all 
the chemicals that 
help the cell grow 

Bacterium 


YOU WILL NEED: 

1 litre (34 fl oz) water 
15 g (0.5 oz) agar flakes 
Two beef bouillon cubes 
Small, shallow dishes, which can be 
thrown away after the experiment 
Clingfilm or resealable bags 
Bleach (to kill the germs - adult use only) 


1 week 


HOW DOES 
THIS WORK? 


Cell membrane 


igle bacterium consists of just one tiny cell - about 

0 times smaller than a single cell from an animal, 
could never see one with the naked eye, but when 
of them grow in one place then they become visible. 
;hing the agar mixture transfers bacteria from your 

ar to the dish. The bacteria feed by absorbing nutrients 

1 the agar mixture, and they multiply in number by 
ding in two again and again. After a few days, there 
so many millions or even billions of bacteria that you 
see them as a bacterial “culture . 


Whiplike threads 
used for swimming 


-Tough cell wall forms 
protective outer layer 


GROW YOUR 

OWN GERMS 

Life comes in all sha >.^ 

Han't need te-but Kliment will make ,ou think again! 





0 


0 



something on the surface of the 
mixture. See what has grown 
after one week. Whose fingers 
had the most bugs? 


warning* 


Some bacteria can cause 
o°pTn e tie e b eXPerifnem 


Leave the dishes in a 


■ % warm place. After two or 
\w three davs vou should se 
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Antibiotics 

Medicines that kill bacteria are called 
antibiotics. Before they were discovered, 
there was little defence against harmful 
bacteria and a simple infection could 
be fatal. The first modern antibiotic 
was discovered by accident. In 1928, 
Alexander Fleming (1881-1955), a 
medical researcher working in London, 
noticed that something had gone wrong 
with one of his culture plates. It was 
meant to be growing staphylococcus 
bacteria, but a mould had grown on the 
plate and killed some of the bacteria. 

He named the active substance in the 
mould penicillin and the antibiotic of the 
same name was developed from it. 


SCIENCE AROUND US 


Bacteria 

Bacteria are found everywhere on Earth. 
They float in the air, live in the soil, and are 
found all over plants and animals. Most 
bacteria are harmless, and some are vital to 
life on Earth, breaking down organic waste 
and helping plants to take in nitrogen from 
the air. But a few can be dangerous. 

They can cause food poisoning and 
serious diseases. The bacteria pictured, 
Streptococcus pyrogens, causes skin 
infections, sore throats, and scarlet fever. 
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Science experiments are often confined to the 
laboratory, but with a little ingenuity you can 
achieve some spectacular results at home, too. 
Whether you want to make endothermic ice 
cream in minutes, create a floating compass 
from scratch, or test Isaac Newton’s laws of 
motion, our experiments have got you covered. 


le of the 
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Make a 
zoetrope 
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Making 
hot ice 

148 

Penny drop 
experiment 


150 

Double-slit 

experiment 
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HOME 


EXPERIMENTS 


Discover science in the most fun way possible - by 
doing these awesome experiments in your own home! 


.4lr. 


H lf you've ever seen a picture of a medieval catapult 
and thought it looks amazing but you'd never be 
able to have one, think again. You can make one 
in minutes! It's just one of our great experiments you can 
do at home, no lab coat required. Not only are they fun to 
do, but they will also explain some of the basic parts of our 
everyday lives, like how magnets work, the forces that 
help to create lightning, and the reason why plants will 
stop at nothing to reach sunlight. 

Using everyday items like combs, rubber bands and 
string, we will demonstrate real science. After all, the 
Greeks, Romans and Egyptians never had electron 


microscopes and spotless purpose-built labs, but they 
made huge headway with medicine, geology, engineering 
and maths, to name a few. With nothing but a plastic comb 
you'll discover how to bend a stream of water, and by the 
end of the article you'll be flinging projectiles from your 
very own catapult - safely, of course. 

Science is fascinating, but it can also be delicious. 
Thankfully in this feature you'll also discover how to pour 
an instant soda slushy and make ice cream in a bag in 30 
minutes flat. So if you have an enquiring mind and a few 
things lying around the house, why not leap right in and 
give these experiments a try? 








GUe.c.klfct 

%/ Hail 

✓ 

^ l_e-af 
✓ £>owl of 
water 


Compass 

Make a compass from 
just a nail and a leaf 


What you’ll 
learn 

How magnetising 
an object can help 
you find your 
way around 


Levitating ice cubes 

Perform science-inspired magic by 
sliding a string into a block of ice 


GUe.c.k(kt 

✓ Glau of 
Wflte-r 

*/ |c.e, cube. 

✓ 

*/ 5>alt 


Drop the ice cube into a glass of water 
and lower a piece of string onto the top 
of the ice cube. Next, shake a little salt 
over it, which melts the ice. This is 
because salt molecules lower the 


What 

you’ll 

learn 

How salt 
lowers the 
freezing 
temperature 
of water 


freezing point of water. After a few 
minutes, the salt will dissolve, which 
in turn enables the ice to re-freeze 
around the string, trapping it so you 
can lift the cube. 


Conjure lightning 

Create a small electrical storm in 
your own kitchen 




mins 




Cbe.c.klkt 

Ptoic fork 
1/ Tit\ foil 

✓ Moot\ 

✓ Rubber 

glove. 


Wrap the fork in silver foil and rub the 
balloon all over your hair, giving it a 
negative charge. Put the balloon down 
and touch it with the fork, using your 
gloved hand. This transfers electrons to 


What you’ll 
learn 

Find out how 
electricity is 
created thanks to 
static charges and 
a conductor 


the fork. Touch the tin foil with your 
ungloved hand and take it away. A 
small spark of static electricity should 
appear as electrons leap from the fork 
to your hand. 


1 Magnetise your needle 

Stroke the nail with the magnet 50 times ir 
the same direction. Put a marker on the end 
you've stroked toward to help you identify it. 


2 Make your compass 

Magnetic objects naturally point north. 
Place the leaf and nail on the water so it can 
spin unhindered until it finds the direction. 


3 The science behind it 

Stroking the nail with the magnet aligns 
the atoms. It points north because that is the 
direction Earth's magnetic field lines point. 










C-We-cklkt 

✓ Guitar 

»/ Ptetia board 

✓ Me-tal board 
I ✓ 'De-c.ibei 

vve,te,r 


Soundboard 

Discover how you 
can manipulate a 
guitar's acoustics 

sound 


Using a decibel app, play a note 
while holding a sheet of plastic 
above the guitar and record how 
loud it is. Change materials to see 
how some absorb sound and 
others deflect it. 


Turn summer 
to autumn 

Change the colour of leaves 


" The best 
release 
angle 
for the 
catapult is 
45 degrees , 
exactlg 
halfwag 
between 
being 
horizontal 
and 

vertical” 


In a jar, mash up 
leaves with rubbing 
alcohol. Put the jar 
into a bowl filled with 
hot water and cover. 
After 30 minutes, 
place a coffee filter in 
the solution. An hour 
later, the leaf will look 
autumnal, as the 
levels of chlorophyll, 
which makes leaves 
green, .reduce in 
autumn, so other 
colours can be seen. 


CKe-cklkt 

✓ Leaver 

✓ Rubbing 
alcohol 

✓ Bag 

✓ Jar 

✓ Coffee 
filter paper 

✓ hot water 


What you’ll 
learn 

Why leaves turn 
different colours in 
autumn and again 
in spring 


CUec.klkt 

^ Block of 

WOOcJ 

✓ SpOOh 

%/ Rubber bahd 

✓ Drawing pih 

*4 


What you’ll 
learn 

How angles can 
affect trajectory, 
distance and power 


DIY catapult 

How to defeat your medieval 
enemies with physics 


mins 


Adding a 
sling on the 
end can send 
the 

much farther 
as the extra 
movement 
creates even 
more energy 


The best release 
angle is 45 degrees, 
exactly halfway 
between being 
vertical and 
horizontal 


The faster you 
release a projectile, 
the more kinetic 
energy it receives, 
sending it farther 


Pulling the spoon 
back from the 
head stretches 
the rubber bands, 
creating energy 


I Make 
the base 

Select a 
weighty block 
of wood, about 2.5cm (lin) thick. 
Wrap two rubber bands around the 
front, one above the other, secured 
either side by a drawing pin. 

% ^ Create 

the 

catapult 

Slip a spoon in 
between the wood and the rubber 
bands, with the head pointing up. 
This will form the main part of 
your catapult arm. 


3 The 
crossbar 

Build a crossbar 
by gluing two 
pieces of wood to a horizontal one. 

Use a protractor to see when the 
spoon's angle is 45 degrees and glue 
the structure on either side. 
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What you’ll learn 

How you can manipulate a 
stream of water without 
even touching it 


Ice cream ^ 
in a bag w 

Howto create ice cream 


What 

you’ll 

learn 

How an ice 
pack can 
rapidly 
reduce 
temperature 


i 

l 


/ £ table^poot^ sugar 

/ V2 toble-s.poo M ^ 

/ Wotf te.as.pooh 

whillfl e.xtrflC-t 

✓ Q. zip lock fre^zej- W 
' feflg of fee- 


Mix together the milk or cream, sugar and vanilla extract and pour 
into a zip lock bag. Pour the ice and salt into another and put the first 
bag into the second. Leave it to freeze for half an hour, take it out and it 
should have solidified. The salt slightly lowers the ice temperature so 
the ice cream becomes cold and solid, rather than completely frozen. 


CkxMkt 

✓ Wate-r tap 

✓ CovMo 
%/ H-air 


The comb and 
your hair initially 
have a fairly even 
proportion of 
electrons 


Bending water 

How to use electron transfer to make 
water bend before your eyes 

I 


Rubbing the 
comb on your 
hair moves 
electrons to 
the comb 


This makes the 
comb negatively 
charged as it has 
more negatively 
charged electrons 


When the comb is near the 
water, the electrons jump 
off it and everything is 
balanced again 


1 Charge 
the comb 

Rub the comb on 
your hair. This will 
transfer electrons 
onto the comb and 
negatively charge it. 
As you are grounded, electrons will come 
from the ground and balance you, but the 
comb remains full of negative charge. 


2 Force of 
attraction 

Start the water 
running at a very slow 
stream. The 
negatively charged 
comb repels some of 
the electrons in the water. This creates a 
positive charge in the stream so it is 
attracted towards the comb. 


3 Coming 
together 

This desire to 
transfer electrons 
pulls the positively 
charged water 
toward the comb 
when it's held in a nearby position. The 
force that attracted the two together is 
called static electricity. 


Instant soda slushy 

Turn your ordinary fizzy drink into 
a delicious brain-freezing slushy 


Ch 

* f 


CKe-cklkt 

✓ ftottle- of 
fiz-z-y Jrihk 

✓ Tre-e^r 


Shake the bottle and 
freeze it for three 
hours and 15 minutes 
to create a slushy. The 
drink doesn't totally 
freeze because the 
sugars, flavourings 
and carbon dioxide 
bubbles lower its 
freezing point. 

When opened, the 
carbon dioxide 
rushes out, instantly 
re-raising the 
freezing point. 


What 

you’ll 

learn 

How 

pressure 

affects 

freezing 

points 




Re-create 
a famous 
Victorian 
novelty 
toy with 
iust a few 
household 
objects 

Before the advent of motion 
pictures, animated 
characters were confined to 
simple and novel toys, or 
old-fashioned shadow plays. 
One of the most successful of 
these playthings was the 
zoetrope - invented in its 
modern incarnation by 
British mathematician 
William George Horner in 
1834 - which created an 
illusion of movement from 
the rapid spinning of static 
pictures. It became an 
overnight sensation and by 
the 1860s zoetropes were 
commonly found in the 
houses of the wealthy and 
privileged. Luckily, today a 
DIY zoetrope can be made for 
little to no cost at all, with just 
a small selection of everyday 
items. Try it out - they are 
genuinely fun little gadgets. 

\ 


You will need: 

A3 wirtbs p&i oqc (cvcb 
bbo 3 | ^bnp) 

A3 ca,ra { (cvcb bbo 
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Make a 
zoetrope 
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Step 1. Okay, in order to start 
creating your zoetrope you 
need to take your white paper 
strip and wrap it around the 
inner lip of one of the 
upturned coffee can lids. If 
the strip is too long, mark the 
point where the ends meet 
and then trim off the excess. 
Next you have to take a 
measurement of the length 

and divide your paper 

equally into 12 segments 
using your ruler and pencil to 
mark out each one. 


step 2 






Step 2, Now draw (or print off) a horse 
running, with each segment moving its 
position onwards. Importantly though, 
ensure that whatever action you draw ends 
up as a full circle by segment 12, as this way 
the zoetrope's animation will play out on 
loop, with no break in the action. 


1 step 3 


Step 3. The next thing to do is take your strip 
of black card and cut it down so it has the 
same length of your paper, but twice the 
width (ie the height). You can do this easily by 
just placing the white paper over the card 
and marking it with a pencil. Once this is 
done divide the top part of your black card as 
you did with the white paper, with small 
pencil dashes to mark out each segment 
transition. Extend the lines from the halfway 
point to the top as shown. 




stefS 



Step 5. With great care, take the craft knife and score an X-shape 
puncture in the centre of the coffee can lid. Don't make this any 
larger than a centimetre. Once done try inserting your pencil 
through the slit. It should fit through and then get snagged on the 
metallic rubber holder on the end. If the pencil is a little wobbly 
by step 7 you can always apply some glue or Blu-Tack to secure it. 


Step 4. Now, with your 
scissors, cut either side of 
each pencil line on the top of 
the card down to the halfway 
line so that you are left with 
5mm (o.2in) gaps at each 
segment transition. These 
only need to be small so take 
your time. If you've 
completed this step-by-step 
correctly up to this point you 
should have something like 
this. Now put it to one side. 

Step 6. Now to assemble the 
zoetrope. Draw your pencil 
back out of the slit in the lid 
and place it to one side. Place 
the lid upside down on a 
level surface and squirt a 
thin line of glue around its 
inside rim. Pick up your 
black card strip and glue it in 
place, ensuring that the 
slatted windows are at the 
top and the solid base at the 
bottom. If you do this 
correctly you should be left 
with a crown-like structure 
as shown here. 




s hep 'll 



Step 7. Finally, take your paper strip and insert it into the 
base of the structure, ensuring the horses face outwards 
and that both ends meet without any crossover. Once 
satisfied with the fit, glue this in. Now place the second lid 
on top, reinsert your pencil as before and grip it between the 
palms of your hands. Rub your hands back and forth to 
rotate the pencil and the entire zoetrope, while viewing the 
horses through the slatted windows. Amazingly the horses 
are now one that appears to be galloping. Congratulations, 
you have just built your very own zoetrope! 
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Step 2. You need to get rid of about 90% of the 
liquid, so leave it to boil for over 30 minutes. You'll 
start to notice a white substance on the side of the 
pan. This is sodium acetate, and a bit of this needs 
to be saved for later use. Eventually, a crust 
(sodium acetate anhydrous) will begin to form on 
the liquid. At this point, take it off the boil and 
transfer it into a container. This must be 
immediately covered to prevent the substance 
crystallising. You then need to cool it, so place it in 
an ice bath for 15 minutes or a fridge for a bit longer. 


The supercool 
liquid that 
instantly 
freezes 
at room 
temperature 

With this experiment, we 
will show that we can create a 
substance that is a liquid at 
room temperature but that 
immediately crystallises 
when disturbed, forming 
something that is known as 
hot ice. 

Hot ice is an amazingly cool 
substance and the 
ingredients required to make 
it are really easy to obtain. 
However, it is notoriously 
difficult to make, and you 
probably won't get it right on 
your first attempt, but don't 
give up hope. You can either 
re-melt any failed hot ice or 
start over again, making sure 
to follow each step in the 
method carefully. 

This is a great experiment 
to attempt at home and an 
even better one to try out at 
school. If done successfully, 
you can directly see the 
effects of crystallisation - 
there's plenty of science 
embedded into the fun of 
seeing hot ice in action. 


Making 
Notice 
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Step 1. First, a litre of 
clear store-bought 
vinegar must be 
measured out. This must 
be clear, as brown 
vinegar contains 
impurities that will 
prevent the experiment 
from working. Next, you 
need to add about three 
to four tablespoons of 
baking soda (sodium 
bicarbonate) to the 
vinegar. This has to be 
done slowly, as the 
reaction can make the 
liquid explode over the 
side of the container. Stir 
this until all the baking 
soda is dissolved and 
then put the mixture on 
to the hob to boil. 


she? 2 
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Step 3. The liquid 
needs to cool below 
room temperature. This 
makes it into a 
supercool liquid that 
will exhibit the 
characteristics of hot 
ice. Once it's cooled, you 
can take the lid off and 
put some of the white 
sodium acetate 
collected earlier in 
the liquid. 


Step 4. The points where sodium acetate is introduced will begin to 
crystallise. After a few seconds the entire liquid will appear to freeze. 
However, when touched, the substance is hot and not cold because the 
process of crystallisation here is exothermic, so heat is given off as the 
liquid solidifies. So, what's happened in this experiment? 

Hot ice equation 

Ma + WCOJ- + QA^-COOW — > 


Baking soda 


J L 


Vinegar 


CU-COO Nl3 + + + CO „ 

l £ i i ^ i i rj 

Sodium acetate Water Carbon dioxide 


Conclusion. Almost every substance has a freezing point, but for something to solidify the molecules must 
rearrange from a liquid to a solid or crystal arrangement. However, hot ice, or sodium acetate trihydrate, is a 
supercool liquid where the molecules do not rearrange until they are disturbed, in this case by introducing 
sodium acetate. Hot ice melts at 58 degrees Celsius and is a crystalline solid at room temperature, allowing this 
effect to be produced as the baking soda and vinegar are heated. The unarranged molecular structure results 
in the occurrence of this crystallisation effect. You can re-use your hot ice by adding vinegar until the solid 
crystals are fully dissolved and repeating our method again. 
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Explore 
Sir Isaac 
Newton’s 
first law of 
motion with 
some easu- 
to-find items 

If you've ever wanted to test a 
scientific theory at home then 
now's your chance. Sir Isaac 
Newton's first law of motion 
helps to explain the motion of 
conventional physical objects 
and systems. He implies that 
any object at rest will remain 
at rest unless an unbalanced 
force acts upon it. 

So, if you were to place a 
tennis ball in space and give 
it a shove, its momentum will 
keep it moving at the same 
speed and in the same 
direction unless something 
bumps into it, and if left 
untouched its inertia will 
keep it in the same place. 

On Earth Newton's law is 
complicated, however, by the 
permanent presence of 
gravity and friction, the 
former constantly pulling 
objects towards the ground 
while the latter slows them 
down. Does this disprove 
Newton's first law? No, in fact 
these forces demonstrate its 
high probability, as you can 
see in this simple and 
easy-to-conduct experiment. 


You will need: 
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Penny drop 
experiment 


Step 1. Take your card and cut it 
into long thin strips vertically 
roughly 2 cm wide, then tape the 
ends together so it forms a hoop. 
This experiment works best when 
the hoop is 8-iocm across. 
However, for variables to the 
experiment, take another two 
strips and make one smaller hoop 
and one larger. 


Step 2. Next, 
take your glass 
jar and fill it with 
water roughly 
two thirds of the 
way up. The 
water adds an 
extra level of 
data return, as 
we shall see 
later on, so it is 
best used. 


Step 3. Third, put your water-filled glass on a level 
surface and then place the hoop on top of it, so that 
it radiates out from the centre of the jar like the face 
of a fan. Finally, place your penny on top of the 
hoop so it is directly above the glass jar. The card 
hoop should support the penny and maintain its 
form if done correctly. If the hoop deforms, you 
need thicker card. 





Stop! Science time! 

So how aoes this relate to Newton's first law? Well, currently the penny 
is at rest, its inertia keeping it in the same place. Gravity, one of Earth's 
meddling forces, is also being counteracted by the hoop, which itself is 
fixed in position by the neck of the jar. With gravity taken out of the 
equation and friction negligible, Newton's law is currently ringing true. 


Step 4. Okay, action time. 

Take your pencil out and hook 
it through the hoop. Now move 
your hand into position so the 
pencil is hovering by either 
the right or left side of the 
hoop at its equator. Now, in 
one swift movement, whip the 
hoop to the side and off the jar 
- just like a waiter whipping a 
tablecloth away - and watch 
the results. If you have 
performed this step correctly 
the penny should drop 
straight down and land in the 
glass of water, eventually 
resting at its bottom. If this 
does not happen - ie, the 
penny falls to one side of the 
jar - try again with a faster 
hand movement. 


Step 5. Right, before moving ontfr 
anything else, repeat the last step 
but this time use either the 
smaller or larger hoop, or a 
smaller or larger coin. If replicated 
correctly, you should notice how 
the success rate of the coin 
dropping straight down into the 
jar when using the larger hoop/ 
coin is less than it was before, 
while it is greater if using the 
smaller hoop/coin. Finally, notice 
how the coin's speed decreases as 
it travels through the water - this 
demonstrates the increase in 
friction when moving through 
water over doing so in Earth's 
standard atmosphere. 


StQp! 


Science time! 

When the original hoop was 
whipped away from the mouth of 
the jar, the force counteracting 
gravity was suddenly removed, 
allowing it to immediately exert 
its influence on the coin. The 
speed of the hoop's withdrawal 
also mitigated the effects of 
friction on the penny's centre of 
mass. Consequently, the coin was 
left suspended in its current 
position in the air with just the 
force of gravity to pull it down in a 
straight trajectory into the glass. 
If the experiment were carried 
out in the vacuum of space, 
however, with no gravitational 
force impressed upon the coin, 
this would not have happened. 

The increased/decreased 
contact area between the hoop 
and the coin affects the level of 
trajectory-altering friction, with 
the larger hoop inflicting more 
and the smaller one less, as your 
results should have shown. 
Consequently, if there did not 
have to be any contact between 
the coin and the hoop, there 
would be no physical friction - 
atmospheric drag remains 
though - and the coin's straight 
course would not be altered. 


\ Coy\c\o^oy\] 

While Newton's first law of 
motion may initially seem 
inconsistent with our 
experience on Earth, those 
experiences are in fact 
consistent. Simply put, an 
object will remain 
stationary or moving in a 
straight line, providing no 
auxiliary forces act upon it. 
For us on Earth, though, 
any object (including 
human beings) will always 
naturally be impressed 
upon by the forces of 
gravity and friction. 
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Understand 
the basics of 
wave-particle 
duality 
with mis 
simple home 
experiment 


Double-slit 

experiment 



English physicist Thomas 
Young's 1801 experiment into 
wave-particle duality provided 
the base for the entire wave 
theory movement, identifying 
the phenomenon of 
interference and the 
inseparability of the wave and 
particle natures of light. Young 
observed that when light from a 
single source is split into two 
beams (through his two slits) 
and then recombined, the 
beams' peaks and troughs 
might not be in phase. This, he 
discovered, was because when 
a peak and trough coincide they 
cancel each other out, leaving 
an area devoid of light. 

When two light waves meet 
of the same wavelength in 
phase (they have matching 
positive or negative electric 
fields), they will add together to 
form a brighter light. However, 
if they are out of phase, with 
their electric fields cancelling 
each other out, they will 
combine to produce an absence 
of light. 

To test the theory ourselves, 
we just need to take a short and 
simple step into the world of 
quantum physics... 



You will need: 

1 of c%rd 
I 'feck 

2 fo%v) 

&\ 

s&loizpe 
¥&\ kilfs 
£k--rack 

3 needier 
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Step 1. Start by taking your laser pen and 
taping its On button down, so that you get 
a consistent beam of light. By doing this 
you will ensure that you don't have to 
tamper with the setup when it's action 
time. After all, you will be firing the laser 
pointer through three very narrow 
needles, and any movement will throw off 
your results. Be careful while doing this, in 
order to avoid shining the light into 
anyone's eyes. 

she? 3 



Step 2. Next, squish the laser pen into a large glob 
of Blu-Tack and then fix it to the bottom of an 
upturned foam cup. This will be your firing 
platform, and it should look something like this. 

At this point, it would be a good idea to measure 
the height of your pen, as you will need to position 
your needles at the same height. 


Step 3. Now take your three needles and insert 
them side-by-side into the bottom of your second 
foam cup. This is harder than it sounds, as they will 
need to be as close together as possible but without 
breaking into each other's puncture holes. If the 
needles branch out at their ends, space them with a 
small blob of Blu-Tack. 
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Step 4. Now take a sheet of black 
card and bend it slightly so it 
curves. This will allow you to 
stand it on its end, where it will 
remain upright without clamps. 
This will act as your firing board, 
onto which your laser pen will 
shine through the needle slits. 


Interference 

The light 
waves 

interfere with 
each other, 
adding 
together 
or cancelling 
each 

other out. 


Radiate 

The light 

rays act as 

waves, 

radiating 

outwards 

from the 

centre. 


Double slits 

A single light source passes 
through two slits. 


Step 5. Finally, set up your three components like this on a stable 
surface. Distance between each part is important in the return of 
optimal results. With a greater distance between pen, needles and card 
your interference pattern should have greater fringe spread (the light 
waves will diffract more), however if closer together you will get more 
intense bands of light and dark. Just experiment to see what works best 
for you. 


step 


Step 6. Once you are happy with the experiment's layout and that the 
laser pen is shining through the needles, kill the lights. If you have been 
successful in your preparation you should have something like this 
marking your card - narrow bands of interchanging light and no light 
radiating out in intensity from a central spot. If your lines are too blurry 
and the fringes are blending together, try moving the pen closer to the 
needles. If you just get an intense red dot, ensure your needles are close 
enough together and that your pen, needles and card are not too close. 


So what have we learnt 
from this? If the 
experiment has been a 
success, you'll have a 
single light source 
emanating from the laser 
pen that, once passing 
though the double needle 
slits, seems to generate 
multiple light bands on the 
black card, interspersed 
with bands of no light at 
all. If this is the case for you 
then great, as you have just 
demonstrated how light 
particles (photons) act both 
as particles and as waves. 
The experiment has 
shown that when photons 
en masse (projected from 
the laser pen) pass through 
the two slits, they radiate 
outwards as waves - just 
like that of water waves - 
either combining or 
cancelling each other out 
dependent on their electric 
field. This explains why on 
the card we do not just 
have two narrow bands of 
light directly behind the 
two needle slits, but 
instead have a wide 
spread of light/dark bars 
stretching out horizontally. 
Take a look at our diagram 
on the left for a graphical 
representation of how 
these processes work. 

\ 
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GLOSSARY 


Acid 

A substance that produces positively charged particles 
made of oxygen and hydrogen, called hydronium ions, 
when dissolved in water. Vinegar and citrus juices 
are acids. 

Aerial 

The part of a radio set that sends or receives 
radio signals. 

Aerodynamics 

The study of how gases, especially air, flow around 
solid objects. 

Air 

The mixture of gases that surrounds Earth. Air mainly 
consists of nitrogen (78%), oxygen (21 %), and argon 
(0.9%). There are also small amounts of carbon dioxide, 
water vapour, and other gases. 

Air pressure 

The force exerted by molecules in the air pressing against 
something. Sometimes referred to as atmospheric 
pressure - the weight of the air molecules in Earth’s 
atmosphere pressing down on Earth’s surface. 

Air resistance 

The friction a solid object experiences as it moves 
through air. Objects that are streamlined encounter less 
air resistance and move more quickly through air. 

Alkali 

A base that can be dissolved in water. 

Amplitude 

The height of a wave, measured from its centre line 
to its peak. 

Anemometer 

A device for measuring the speed of the wind. 

Antibiotic 

A medicine that kills or slows the growth of 
micro-organisms, especially bacteria. 

Atom 

The smallest part of an element that has the 
chemical properties of the element. It is made of a 
positively charged nucleus surrounded by negatively 
charged electrons. The positive and negative charges 
are balanced, so an atom is electrically neutral. 


Bacteria 

Microscopic single-celled organisms, found almost 
everywhere on Earth. Most bacteria are harmless, but 
some can cause diseases. 

Barometer 

A device for measuring atmospheric pressure. 

Base 

Bases produce negatively charged particles in water, 
called hydroxyl ions. Baking soda and bleach are bases. 

Battery 

A device that uses a chemical reaction to make 
electricity. 

Camera obscura 

A darkened box or room with a hole or lens at one side 
that projects images onto a screen on the other side. 

Catalyst 

A substance that changes the rate of a chemical 
reaction without being changed permanently by 
the reaction itself. 

Catalytic converter 

Part of a vehicle engine that changes harmful exhaust 
gases into less harmful gases. 

Celsius 

A temperature scale named after Swedish scientist 
Anders Celsius (1701-1744). On the Celsius scale, 
water freezes at 0°C (32°F) and boils at 100°C (212°F). 

Centrifuge 

A machine used for spinning mixtures at high speed 
to separate the contents according to their mass 
or density. 

Centripetal force 

A force directed towards the centre of a curve or 
circle that makes a moving object travel in a curved 
or circular path. 

Charge 

An excess or shortage of electrons. Objects can be 
positively charged or negatively charged. 

Chemical 

Any substance that can change when joined or mixed 
with another substance. 


Chemical reaction 

A process during which one or more substances are 
changed into one or more new substances by 
rearranging their atoms. 

Chlorophyll 

The green substance in plants that is responsible for 
absorbing the light energy used in photosynthesis. 

Chromatography 

A process for separating a mixture by passing it through 
a material, such as paper. 

Chromosome 

A structure found in the nucleus of living cells that 
contains genetic information. Chromosomes are made 
of DNA and proteins. 

Circuit 

A complete and closed path around which an electric 
current can flow. 

Colloid 

A mixture of large molecules or tiny particles of one 
substance spread throughout a second substance. 

Combustion 

Another name for burning - a chemical reaction in 
which a substance combines with oxygen and gives 
out heat energy. 

Compound 

A substance containing atoms of two or more elements. 

Compression 

1 . Squeezing something together into a smaller space. 

2. The part of a sound wave where the air molecules are 
squeezed together. 

Condensation 

A change of state where a gas turns into a liquid, usually 
because of a drop in temperature. 

Conduction 

The transfer of heat or electricity through something. 

Conductor 

A substance that allows heat or electricity to pass 
through it easily. 

Constellation 

A pattern of stars as observed from Earth. 
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Convection 

The transfer of heat energy in a liquid or a gas caused 
by the tendency of warmer liquid or gas to rise, and 
colder liquid or gas to sink. 

Cotyledon 

The food stores that a young plant feeds off until it can 
carry out photosynthesis for itself. 

Crystal 

A solid with a highly regular arrangement of atoms. 

Density 

The amount of mass in a given volume. 

Diode 

An electronic component that lets an electric current 
pass through it in one direction only. 

DNA 

Deoxyribonucleic acid. Contains instructions for the 
growth and functioning of an organism. 

Drag 

Resistance to motion through a liquid or gas. Boats 
moving through water and aircraft moving through air 
are slowed down by drag. The faster something tries to 
move, the more drag it experiences. 

Effervescent 

Fizzing or giving off bubbles. 

Effort 

The force needed to move a load. 

Electric current 

A flow of electrons through a conductor. The size of an 
electric current is measured in amperes, or amps. The 
faster the electrons move, the greater the current. 

Electrochemistry 

The branch of chemistry concerned with the effect of 
electricity on chemical reactions, and the production 
of electricity by chemical reactions. 

Electrolyte 

A solution that conducts electricity, because it 
contains ions. 

Electromagnet 

A magnet that works only when an electric current 
is flowing through it. 

Electromagnetic spectrum 

A group of energy waves arranged in order of 
increasing wavelength. It includes radio waves, 
microwaves, infrared waves, visible light, ultraviolet 
waves, X-rays, and gamma rays. 


Electron 

A negatively charged particle of matter that orbits an 
atom’s nucleus. 

Element 

A substance that cannot be broken down into a simpler 
substance by chemical reactions. 

Emulsifier 

A substance that stops an emulsion from separating. 
Egg yolk is often used as an emulsifier in cookery. 

Emulsion 

Minute droplets of one liquid spread throughout a 
second liquid with which it normally does not mix. 

Milk is an emulsion of fat droplets in a watery fluid. 

Endothermic 

A process or chemical reaction that absorbs energy 
in the form of heat. 

Energy 

The ability or capacity to do work. Energy is measured 
in joules. It can take many forms, such as kinetic 
(movement) energy and potential (stored) energy. 

Evaporation 

A change of state where a liquid turns into a gas, 
usually because of an increase in temperature. 

Exothermic 

A process or chemical reaction that gives out energy 
in the form of heat. 

Fahrenheit 

A temperature scale named after German scientist 
Daniel Fahrenheit (1686-1736). On the Fahrenheit scale, 
water freezes at 32°F (0°C) and boils at 212°F (100°C). 

Filament 

A thin piece of wire that heats up when an electric current 
passes through it. Electric heaters and incandescent 
bulbs use filaments to produce heat or light. 

Fluorescent 

Absorbing light at one wavelength and then giving it out 
again at a different wavelength. 

Force 

A push or a pull that changes the motion of an object. 

Freezing 

A change of state that involves a liquid turning into 
a solid, usually by reducing its temperature. 

Frequency 

The number of waves, or cycles, that pass a point in 
a second, measured in cycles per second, or hertz. 


Friction 

A force caused by one surface rubbing against another. 

Galvanize 

Coat iron or steel with zinc to prevent it from rusting. 

Gamma rays 

Electromagnetic waves with the shortest wavelength on 
the electromagnetic spectrum. 

Gas 

One of the four states of matter. Gas molecules are 
further apart than those in liquids - they are not linked 
to each other at all, and expand to fill a container. 

Germination 

The point at which a seed begins to sprout into a plant 
after lying dormant in the soil. 

Glucose 

A simple sugar that is used as an energy source in many 
living things. 

Gravity 

An attractive force that all masses have. The greater 
the mass, the stronger the gravitational pull. Gravity 
holds moons in orbit around planets, and planets in 
orbit around stars. 

Haemoglobin 

The part of the blood that is responsible for transporting 
oxygen around the body. 

Heat 

A form of energy, caused by the motion of molecules. 
Heat flows from hot substances to cold substances, and 
is transferred by conduction, convection, and radiation. 

Hemisphere 

Half of a sphere. 

Hydraulic 

Moved or operated by a liquid. Hydraulic machinery 
is powered by a liquid (usually oil or water) pumped 
through pipes at high pressure. 

Incandescent 

Glowing because of heat. 

Indicator 

A substance that changes colour when it is mixed with 
an acid or a base. 

Inert 

Chemically non-reactive. 

Infrared 

Electromagnetic radiation that is outside of the visible 
spectrum and is commonly felt as heat. 
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Insulator 

A substance that does not let heat or an electric current 
pass through it easily. 

Ion 

An atom or molecule that has an electric charge 
because it has gained or lost electrons. 

Isobar 

A line on a meteorological chart that connects areas 
of the same pressure. 

LED 

Light emitting diode. An electronic component that 
lights up when a small electric current flows through it. 

Lens 

A piece of transparent plastic or glass that bends light 
rays together or apart as they pass through it. 

Lift 

A force that acts upwards. For example, the force that 
supports the weight of an aircraft when it is flying. 

Liquid 

One of the four states of matter. A liquid is made of 
molecules that are further away and not as rigidly linked 
as those in solids. A liquid flows to take up the shape 
of its container. 

Load 

A heavy object. 

Machine 

A device that changes one force into another to make 
work easier. 

Magnet 

A piece of material that attracts some metals, 
especially iron. 

Magnetic field 

The area around a magnet in which its effects are felt. 

Mass 

The amount of matter that something contains. 

Matter 

Everything that has mass and fills up space is made 
of matter. 

Mechanical advantage 

The increase of force that you get when you use a 
machine to do something. 

Melting 

A change of state that involves a solid turning into a 
liquid, usually by increasing its temperature. 


Membrane 

A flexible barrier that controls the flow of material in and 
out of something, such as a cell. 

Meteorite 

A piece of rock or metal from space that passes through 
the atmosphere and lands on Earth’s surface. 

Meteorologist 

A scientist who studies the weather. 

Micro-organism 

Any microscopic thing that is alive - including bacteria 
and fungi. 

Microphone 

A device that changes sound waves into an 
electric current. 

Microwave 

Electromagnetic radiation that has a wavelength shorter 
than radio waves but longer than infrared radiation. 

Mineral 

A naturally occurring substance, such as rock, produced 
by geological processes. Some minerals are valuable 
because metals or other useful materials can be 
extracted from them. These minerals are called ores. 

Mixture 

Two or more substances that are mixed together but are 
not chemically combined. 

Molecule 

The smallest part of an element or compound, made 
of two or more atoms linked together. 

Monomer 

A molecule that forms a polymer when repeated in 
a long chain. 

Motor 

A machine that changes electrical or chemical energy 
into motion. 

Neutralize 

To make an acid or a base into a neutral solution, i.e., 
make it neither acidic nor basic. 

Non-Newtonian fluid 

A liquid that behaves more like a solid when pressure 
is applied to it, and so does not obey the usual laws of 
fluids that were discovered by English scientist Sir Isaac 
Newton (1642-1727). 

Nucleation 

A process that creates gas bubbles in a liquid, or water 
droplets or ice crystals in air. The bubbles, droplets, or 
crystals form in or around points, holes, or specks 
called nucleation sites. 


Nucleus 

1 . The central part of an atom. 

2. The part of a living cell that contains DNA and 
controls the cell’s growth and functioning. 

Oxidation 

The process where a substance reacts with oxygen 
to produce an oxide. Rusting is an oxidation reaction. 

Oxide 

A chemical compound containing oxygen. 

Oxygen 

One of the gases in air, essential for most of the life 
on Earth. 

Pendulum 

A weight hanging from a point so that it can swing freely. 

Photosynthesis 

The process by which green plants make food from 
carbon dioxide and water using the energy of sunlight. 

Phototropism 

A plant’s response to light - plants turn and bend so 
they grow towards light. 

Pitch 

The property of a sound that makes it high or low. 

Plant embryo 

The part of a seed that grows into a plant. It is made up 
of the plumule, the radicle, and one or two cotyledons. 

Plasma 

A gas-like state of matter so hot that its atoms lose 
their electrons. 

Plastic 

A material that is made of polymers and can be 
moulded and shaped when soft. Plastics are strong, 
supple, and very versatile. 

Plumule 

The part of a seed that becomes a plant’s shoot. 

Pneumatic 

Moved or operated by pressurized gas, usually air. 

Polymer 

A simple molecule, that is made up of a monomer 
repeated in long chains. 

Power 

The rate at which work is done or energy is converted 
from one form to another form. Power is measured 
in watts. 
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Pressure 

The amount of force that is acting on a given area. 
Pressure is measured in newtons per square metre (also 
called Pascals) and pounds per square inch. 

Pulley 

A type of simple machine consisting of a wheel with a 
groove around the rim to take a rope. A pulley changes 
the direction of a force. Two or more pulleys used 
together make it easier to lift a load. 

Quinine 

A bitter-tasting chemical compound that is used as an 
ingredient in tonic water. It glows when an ultraviolet 
light is shone on it. 

Radiation 

1 . Energy travelling in the form of electromagnetic 
waves or particles. 

2. The transfer of waves of heat energy from a hotter to 
a cooler place. 

Radicle 

The part of a seed that becomes a plant’s root. 

Radio wave 

The longest waves on the electromagnetic spectrum. 
They have the lowest frequency and lowest energy. 

Reaction 

1 . A response to something happening. 

2. A force that is the same in magnitude, but opposite in 
direction, to another force. Every force has a reaction. 

3. See chemical reaction. 

Reflection 

A change in direction of a wave, such as light or sound, 
when it bounces off a surface. 

Refraction 

A change in direction of a wave, such as light or sound, 
when it travels from one substance into a different 
substance, or through a lens. 

Resistance 

A measure of how much an electrical component 
opposes the flow of electric current. 

Resonance 

The tendency of an object to vibrate more strongly at 
some frequencies than others. 

Rotor 

The rotating part of a machine. 

Salt 

1 . A substance that is formed by a chemical reaction 
between an acid and a base. 

2. Another name for sodium chloride. 


Semi-permeable 

Allowing some things to pass through, but not others. 

Siphon 

A tube that transfers a liquid upwards from one 
container and down to another at a lower level by 
atmospheric pressure and gravity. 

Solid 

One of the four states of matter. Solids are made of 
molecules that are arranged in a regular pattern. Solid 
materials have a definite shape. They do not flow or 
take up the shape of their container. 

Solution 

A solid, liquid, or gas that is a mixture of one substance 
dissolved evenly in another substance. 

Spectroscopy 

The study of the light that an object gives out. 

Spectrum 

A band of colours or electromagnetic waves, spread out 
in the order of their wavelengths. 

State of matter 

One of the four forms in which matter exists - solid, 
liquid, gas, and plasma. 

Static electricity 

An electric charge caused by a build-up of electrons on 
the surface of something. 

Steam 

The gaseous state of water, also known as water 
vapour. At sea level, water normally boils and changes 
to steam at 100°C (212°F). Sometimes used to refer to 
the cloud of droplets that you see as a mist, for example 
from a boiling kettle, when water vapour condenses 
back into liquid in the air. The drops you can see are 
water; steam is invisible. 

Streamlined 

Shaped in a way that offers very little resistance to the 
flow of liquid or gas. A fish with a streamlined body 
moves through water easily. High-speed cars, trains, 
and aircraft have streamlined bodies. 

Sublimation 

A change of state where a solid turns directly into a gas, 
without becoming a liquid first. 

Surface tension 

A skin-like property of the surface of a liquid, caused 
by the molecules on the liquid’s surface being bonded 
together more strongly than those underneath. 

Thrust 

A force that propels a vehicle in one direction, usually by 
accelerating gas in the opposite direction by means of a 
jet or rocket engine. 


Transpiration 

The process by which plants move water from the 
ground by taking it up through their roots, moving it 
through the plant, and then evaporating it from their 
leaves and flowers. 

Ultraviolet 

A form of electromagnetic radiation with a wavelength 
shorter than visible light and longer than X-rays. 

Voltage 

The electrical pressure that pushes electrons around 
a circuit. 

Volume 

The size of the three-dimensional space occupied 
by something or enclosing something. 

Water vapour 

Water in its gas form, usually formed after boiling water 
or melting ice. 

Wavelength 

The distance between the crest of one wave and the 
crest of the next wave. 

Weight 

The force of gravity acting on a mass. Mass is constant, 
but weight changes with the gravity acting upon it. For 
example, on the Moon you weigh only one sixth of your 
weight on Earth as the Moon’s gravitational pull is 
weaker than Earth’s. 

Work 

The amount of energy needed to perform a task. 

X-ray 

Electromagnetic radiation with high energy and short 
wavelength. X-rays have wavelengths shorter than 
ultraviolet light but longer than gamma rays. 

Xylem 

Pipe-like tissue in plants that transports water from the 
roots to the rest of the plant. 
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drag racer 56-57 
drench a friend 61 
dry ice 14-15 


colloids 29 

convection currents 74 
exhaust 35 
in fizzy drinks 64 
spectroscopy and 83 
water vapour 123 


acids 36-39 

cabbage indicator 37 

Edison, Thomas 105 

germination 124-125 

aerodynamics 52-53 

cacti 128 

eggs, absorbent 131 

Goddard, Robert H 67 

agar 1 36 

camera obscura 90-91 

eggshells 44-45 

gravity 50-51, 148-149 

air pressure 58-63, 67, 120 

can crusher 58 

elasticity 56-57 

and roots 1 24 

isobars 121 

carbon dioxide 14-15, 25, 39 

electric motors 116-117 

and siphon 63 

air resistance 50, 51 

in pumice 29 

electricity 97, 115 

Guericke, Otto von 58 

see also drag 

carbonic acid 39 

currents 102-103, 106-107, 108, 


aircraft 52-53 

carrots, reviving 130-131 

115, 116 

u 

contrails 64 

cars 

resistance 1 04-1 05 

H 

alkalis 36 

exhaust gases 35 

static 98-101 

haemoglobin 113 

alum 16-17 

wheels 56 

electrolytes 106-107 

heat 76-79 

amber 101 

catalysts 34-35 

electromagnetism 114-117 

transfer 74-75 

amperes (amps) 103 

catalytic converters 35 

metal detector 110-111 

hovercraft 54-55 

amplifier 95 

celery 129 

radiation 74, 81 , 85 

Hubble Space Telescope 88 

anemometer 121 

centre of gravity 50, 51 

electromagnets 114-115,116 

hydrangeas 37 

antibiotics 137 

centrifuge 30, 31 

electrons 98, 100, 101, 103, 105, 143 

hydraulics 68-69 

apple, preserving 33 

centripetal force 48-49 

electroplating 40-41 

hydrogen peroxide 34-35 

aqueduct, Roman 44 

chemical reactions 32-35 

electroscope 100-101 

hydronium and hydroxyl ions 36 

arches 44 

neutralization 38-39 

elephant’s toothpaste 34-35 


Archimedes 21 

chemistry 11 

emulsions and emulsifiers 28, 29 

1 

architecture 44 

chlorophyll 85, 142 

endothermic reaction 32 

1 

arrested descent 49 

chromatography 31 

energy 32, 57, 73 

ice 13, 76-77,143,146-147 

astronomy 83, 88-89 

chromosomes 135 

saving 105 

can crusher 58 

atoms 32, 82, 83, 98, 103 

clouds 122-123 

see also heat; light; sound 

dry ice 1 4-1 5 

in magnetic materials 113 

colloids 28-29 

exothermic reaction 32, 35 

salting 77 
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colours 24, 31 , 80-83 

eyes 90 

indicators 36-37 


of flowers 128-129 


Industrial Revolution 79 

n 

combustion 32 

r 
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B 

compass 115, 141 

r 

insulators 103 

bacteria 136-137 

compounds 32 

fairground rides 48 

iodine 127 

baking soda 38, 39 

compressions 93, 95 

Faraday, Michael 115, 117 

ionosphere 109 

balloon hovercraft 54-55 

condensation 122-123 

filtration 31 

ions 36, 40, 107 

bananas, over-ripe 85 

conduction 74 

fire 32 

iron 32, 40, 113 

barometer 1 20 

conductors 100, 103, 105 

fizzy drinks 64-65, 143 

isobars 121 

bases 36-39 

contrails 64 

fizzy fountain 24-25 


batteries 1 06-1 07 

convection currents 74 

flashlight 102-103 

1 

beach ball elevator 69 

copper plating 40 

Fleming, Alexander 137 

J 

blood 30, 113 

cranes 70-71 

floating and sinking 22-23 

jelly, fluorescent 84 

boats 

crystals 1 6-1 7 

fluorescence 84-85, 105 

jet packs 34 w 

how they float 22 

Ctesibius of Alexandria 68 

food preservation 33 


paddle-powered 57 


forces 43 

1 

steam -powered 78-79 

n 

fountains 59 

L 

bomb, baking soda bag 39 

D 

lava 24-25 

lava fountain 24-25 

bottles, musical 94-95 

density 20-25, 74 

frequencies 94-95, 108 

lemon batteries 106 

breakfast cereal 1 1 3 

diggers, mechanical 69 

friction 54-55, 148-149 

lenses 88-89, 90-91 

bridges 44 

distillation 12 

frost 15, 123 

lift 53 

broad beans 124-125 

divers 23 

fruit 33, 85,106,132,134-135 

light 144-145 

bubbles 14-15, 18-19, 24-25 

DNA 134-135 


colours 80-83 

burning 32 

domes 44 

A 

fluorescence 84-85 

butter 28 

drag 50, 53, 55 

G 

focusing 90-91 


see also air resistance 

gases 1 2-1 3 

photosynthesis 126-127 
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reflection 86-87 
refraction 88-89 
spectroscopy 82-83 
torch 102-103 
ultraviolet 84, 85 
wavelengths 81 , 83 
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